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PREFACE 


The 19th International Cosmic Raj Conference, under the auspices of the Cosmic Raj 
Commission of the International Union of Pure and Applied Phjsics, is being held on 
the campus of the Universitj of California, San Diego, on 11 through 23 August 1985. 
In keeping with the tradition begun in 1971 bj the Australian organisers of the 12th 
ICRC, the Proceedings of this conference are appearing in two sets of volumes. The 
first set, consisting of volumes 1 through 8, is being distributed to all 
participants at the beginning of the conference. This set contains the contributed 
papers. The second set, distributed after the conference, contains invited, 

rapporteur, and highlight papers. The papers are reproduced here exactlj as thej were 

received from the authors, without refereeing. 

For the 19th ICRC, the scientific program was organized according to three major 
divisions — OG (cosmic rajs and gamma rajs of Galactic Origin), SH (Solar and 

Heliosphere), and HE (High Energj). Technical papers are included in each of the 
three divisions. 

This conference depended on funds from several agencies of the United States 

government, including major financial support from the National Aeronautics and Space 
Administration and support from the National Science Foundation, the Department of 
Energj, and the Air Force Geophjsics Laboratorj. Important financial support also 

came from the Center for Astrophjsics and Space Sciences of the Universitj of 

California, San Diego, from the California Space Institute of the Universitj of 

California, from the Department of Phjsics and Astronomj of the Universitj of 

Marjland, College park, from the International Union for Pure and Applied Phjsics, 
and from several corporate sponsors who will be acknowledged bj name in the post- 
conference volumes. 

We appreciate the confidence placed in the conference organisers bj the Cosmic Raj 
Commission, and acknowledge with thanks the role of the Commission members in 
setting up the rules for the conference and in advising the organisers during its planning. 

We are grateful to all of the members of the various organising committees listed at 
the front of this volume. The three Program Committees went to great effort to 
organise a coherent scientific program and to schedule four parallel sessions with a 
minimum of conflicts. The Local Organising Committee has worked long and hard to 
ensure efficient and hospitable accommodations for all the participants, both in the 
scientific sessions and outside them. The Publications Committee not onlj took great 
pains to assemble these volumes but also maintained an orderlj data base of papers 
and authors which was extremelj helpful to the program committees. The General 
Organising Committee made important contributions of ideas and efforts to make the 
conference possible; this committee included international representation from all of 
North America, thus the departure from the traditional name of National Organising 
Committee. And the entire effort was coordinated bj the dedicated members of the 
Steering Committee. 


Martin H. Israel, Chairman 
General Organising Committee 


August, 1985 



LETTER FROM THE EDITORS 


This conference marks a departure from previous conferences in this series in that 
the publication of the Conference Papers was carried out an entire continent away 
from the activities of Local Organising Committee. This posed some problems but, to 
the considerable surprise of the Publications Committee members, the one that was 
expected to be the most trouble turned out not to be significant. The overwhelming 
majority of those submitting papers and abstracts sent them to the correct address, 
not to La Jolla as was feared. We wish to thank our many authors for their alertness 
and commend them for handling a complicated situation so well. 

There are eight volumes to be distributed to the conference participants in addition 
to the Conference Program and Author Index: three volumes for OQ, two for SH and 
three for HE. the detailed makeup of these volumes is described in the prefaces 
written by the Scientific Program chairmen for their respective volumes. Out of some 
1100 abstracts that were accepted by the Scientific Program Committees for inclusion 
in the conference some 929 papers were finally received in time for inclusion in the 
Conference Papers. This represents a response of approximately 84 percent, a modest 
improvement. Even if one excludes the 42 one page papers that should be considered 
as "confirming abstracts", even though there was no such formal category, the 
response was somewhat higher than that of recent years. We attribute this to the 
carrot of a later deadline than before coupled with the stick of there being no 
printing of post deadline contributed papers. We believe that this decision of the 
General Organising Committee was a wise one. Of course invited, rapporteur, and 
highlight talks will be printed in volumes to be distributed to the participants 
after the conference as usual. 

The Publications Committee had much generous help in performing its duties: from 
Goddard Space Flight Center we had the help of B. Glasser, L. Harris, E. Schronce, 
N. Smith, J. Esposito and T. Smith. From the Naval Research Laboratory we were 
helped by T. Massotta, and at the University of Maryland M. L. Snidow and J. Mucha 
gave much needed assistance. Special thanks are due to Caryl Short, the lone staff 
member of the Publications Committee. She maintained the computer data base, 
organised the abstracts as they arrived, and kept track of the papers themselves to 
see that the finally arrived in the right place at the right time. Without her help 
the job would have been far more difficult than it was. 

PUBLICATIONS COMMITTEE August, 1985 

Frank C. Jones, Chm. 

Jim Adams 
Glen M. Mason 
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Preface to the OG Volumes 


The contributed papers presented at the 19th International Cosmic Ray 
Conference were arranged into three major divisions: OG (for cosmic ray and 7-ray 
Origin and Galactic phenomena); SH (for Solar and Heliospheric phenomena); and 
HE (for High Energy phenomena). The OG division encompasses topics related to 
the origin of galactic cosmic rays and 7-rays, the nature and distribution of their 
sources, and their interactions with galactic fields and matter. Contributed 
papers for OG sessions were organized under the following headings: 

OG1 7- ray Bursts 

0G2 7-rays from Point Sources 

OG3 Diffuse 7- ray Emission 

OG4 Cosmic Ray Nuclei with <1 TeV (Composition, Spectra, and Anisotropy) 

0G5 Cosmic Ray Nuclei with >1 TeV (Composition, Spectra, and Anisotropy) 

0G6 Electrons, Positrons, and Antiprotons 

OG7 Interstellar Propagation and Nuclear Interactions 

0G8 Cosmic Ray Sources and Acceleration 

OG9 Techniques and Instrumentation 

Note that the present OG division is broader than in the past; it includes papers 
from both the OG and XG divisions at previous International Cosmic Ray 
Conferences, as well as many papers previously in the T division. 

Approximately 400 preliminary abstracts were received under the OG 
headings listed above. These were organized into 32 contributed paper sessions for 
purposes of oral presentation. Papers and confirming abstracts for OG papers are 
contained in Volumes 1, 2, and 3 of these Proceedings. Volume 1 contains papers 
under headings OG1, OG2, and OG3; Volume 2 contains 0G4, OG5, and 0G6; while 
OG7, OG8, and OG9 are contained in Volume 3. Papers on topics of related interest 
appear in the SH proceedings (Volumes 4 and 5) and the HE proceedings (Volumes 
6. 7, and 8). 

Four rapporteur speakers were invited to review the OG contributed paper 
sessions and report on new results and developments, areas of controversy, and 
future research directions. The written versions of these papers will appear in a 
later volume of these proceedings, along with other invited papers. 

1 wish to thank the other members of the OG Program Committee for their 
help in defining the OG topics, in reading the abstracts and organizing the 
sessions, and for their advice on the selection of rapporteur, highlight, and invited 
speakers. Members of the committee include: G. L. Cassiday, Jr. (University of 
Utah); C. E. Fichtel and A. K. Harding (Goddard Space Flight Center); R. E. 
Lingenfelter and J. L. Matteson (University of California at San Diego); D. Muller 
(University of Chicago); and W. R. Webber (University of New Hampshire). 


Richard A. Mewaldt 

Chairman, OG Program Committee 



This conference is the 19th in a series. Previous conferences in this series were 
held at: 


Cracow, Poland 
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1947 
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1949 
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Moscow, USSR 

- 

1959 

Kyoto, Japan 

- 

1961 

Jaipur, India 

- 

1963 

London, UK 

- 

1965 

Calgary, Canada 
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Budapest, Hungary 
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Hobart, Australia 
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Denver, USA 
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Munchen, FRG 
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Plovdiv, Bulgaria 
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HEAO-1 OBSERVATIONS OF GAMMA RAY BURSTS 

Geoffrey J. Hueter and James L. Matteson 
Center for Astrophysics and Space Sciences 
University of California, San Diego, La Jolla, CA 92093 U.S.A. 

ABSTACT 

A search of data from the High Energy X-Ray and Low 
Energy Gamma Ray Experiment on HEAO-1 uncovered 14 gamma ray 
bursts* Nine of these events are reported for the first time* 

Except for the faintest events, all of the bursts detected by 
this experiment have been measured above an MeV, thereby 
confirming the hard spectral character of gamma ray burst 
spectra reported by SMM . Our results give a burst rate of at 
least 105 per year above 6x10 ” 7 ergs, which is consistent with 
previous measurements of burst frequency. 

1. Instrumentation 

The HEAO-l mission lasted from August, 1977, to February, 1979. The 
UCSD/MIT High Energy X-Ray and Low Energy Gamma Ray Experiment consisted 1 of 
three sets of shielded Nal/Csl phoswich detectors with differing fields of view 
and effective energy ranges (Table I). 

Table I . HEAO A4 Detectors 


Number and 

Area 

Field of 

Energy 

Spectral 

Name 

( cm 2 ) 

View 

Range 

Integration 



( °FWHM) 

( Mev ) 


1 High Energy 

120 

43 

0 . 1-6 . 1 

10.24 seconds 

Detector (HED) 




512 channels 

4 Medium Energy 42 

16 

CM 

l 

ro 

O 

O 

5.12 seconds 

Detector (MED) 




512 channels 

2 Low Energy 

103 

1 . 7x20 

0.01-.2 

0.64 seconds 


Detector ( LED ) 64 channels 

In order to provide temporal information on timescales shorter than the nominal 
integration times listed in Table I, the counts from the five higher energy 
detectors (HED and MED's) were summed and read out every 0.32 seconds. We 
searched for bursts in these data using an algorithm which triggered' on 
significant 0.32 second excesses. 

2 * Observations 

Table II lists the bursts discovered in a search of the entire 18 month 
mission. As indicated in the table, four of the bursts were detected by other 
spacecraft, two of which, GB771020 and GB771110, have already been discussed by 
Knight et at. 2 The March 25, 1978 event, which showed an absorption feature at 55 
keV in its spectrum, has been discussed by Hueter et at. 3 4 . 

The time given for a burst is the Universal Time at which the burst 
reached its maximum intensity. Durations are the total time that the event was 



2 


OG 1.1-1 


seen above background. For the March 25, 1978 event and the bursts which have 
been observed by other spacecraft the fluences are well known. 5 The remaining 
bursts have not been completely analyzed with regard to spectral shape and 
aperture modulation, so that only approximate fluences can be given. These 
values, given in parentheses, may vary by a factor of three or more. The peak 
flux of a burst is the maximum rate in a 0.32 second interval and is subject to 
the same uncertainties as the fluence. 

Table II. Bursts Detected by HEAO A4 


Date 



Time 

(UT) 

T a 

Peak flux 
( ergs/cm 2 -s ) 

Fluence 
( ergs/cm 2 ) 

August 

16, 

1977 

11 

23:26 

30 

( 1x10" 6 ) 

( 8x10" 6 ) 

October 

20 


7 

54:55 

39 

2X10- S 

2X10-4 

November 

10 


17 

12:45 

3 

6X10- 5 

7X10" 5 

March 

25, 

1978 

6 

29:03 

90 

1.2X10" 6 

1 . 5X10 ' 5 

March 

30 


10 

40:38 

21 

>5X10- 7 

>3x10“ 6 

April 

17 


7 

32:30 

9 

( 3X10- 6 ) 

(1x10- 5 ) 

May 

18 


23 

53:32 

30 

( 2X10 " 7 ) 

(1x10-8 ) 

May 

21 


21 

53:46 

4 

2X10 * S 

5x10" 5 

June 

30 


3 

14:32 

7 

(2x10-7 ) 

(6x10-7 ) 

July 

6 


13 

13:51 

5 

(6x10-7 ) 

( 1x10" 6 ) 

July 

24 


9 

11:04 

1 

>5x10-8 

>1X10" 7 

July 

31 


20 

32:47 

2 

>5X10" 8 

>1X10” 7 

November 

19 


9 

26:56 

13 

9x10 “ 5 

3.2x10-4 

December 

27 


21 

28:12 

4 

(6X10-7 ) 

( 4x10“ 6 ) 


3 . Discussion 

Data from the SMM Gamma Ray Spectrometer have demonstrated that >MeV 
emission is a common feature of gamma ray bursts 6 . In our observations we find 
measurable >MeV emission in 9 of the 14 bursts. During two of the remaining five 
bursts the High Energy Detector was inactive, while the other three are 
sufficiently faint that we would not expect to detect the higher energy 
photons. In addition, by examining the instrument telemetry, we can reconstruct 
the >Mev time profiles down to 1.28 seconds. These profiles show no significant 
lag behind the lower energy emission. In fact the spectra of these bursts are 
generally hardest at the beginning of the bursts and in the August 16, 1977 
burst (Figure 2) the >MeV rate increases in the 1.28 second interval before the 
rest of the emission appears. More study is needed, however, to determine to 
what extent burst hardness correlates with burst intensity, since the initial 
stages of most bursts are also the most intense. 

If we consider only the seven bursts for which it is certain that the 
burst fell within the field of view of at least the HED, then the net 
observation time of .57 years in the search combined with the 12% coverage of 
the sky by the HED gives a burst rate of 105 yr" 1 greater than 6x10" 7 ergs/cm 2 , 
which agrees with the uncorrected rate obtained by Mazets et a/. 7 for the KONUS 
experiment. This is not surprising, since the triggering criteria used here is 
similar to that used by KONUS. This burst rate is most certainly a lower limit 
on the true rate because the 0.32 second burst trigger is inefficient for 
bursts which vary in intensity on timescales much longer than the trigger time. 
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Subsequent searches of the data with longer integration times should yield more 
low luminosity, slow rising bursts. Other effects which must be considered in 
future searches before a sensible size-frequency distribution can be 
constructed are the decrease in effective sky coverage for faint bursts and the 
variations in the instrument background. (For a more detailed discussion of 
these effects, see Higdon and Lingenfelter 8 elsewhere in these Proceedings. ) 
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SOFT-SPECTRUM GAMMA-RAY BURSTS 

J. G. Laros, E. E. Fenimore , M. M. Fikani, and R. W. Klebesadel 
Los Alamos National Laboratory, USA 
S. R. Kane 

Space Sciences Laboratory, UC Berkeley, USA 

1. Introduction 


A "typical" gamma to ray burst (GRB) , when observed over the 
~30 keV to 1 MeV range, has a 1-10 s duration and a spectrum describable 
in terms of a several-hundred-keV exponential function. However, KONUS 
data (1) indicate that some GRBs may belong to a separate class of short 
0.1 s), soft (kT < 50 keV) events. This result has been questioned 
because the KONUS experiments, with only 4 s spectral time resolution 
and a lack of information below ~30 keV, are not particularly well- 
suited for the detection and study of these bursts. The UC Berkeley/Los 
Alamos Solar X-Ray Spec trome ter/GRB experiment (2) on the International 
Cometary Explorer (ICE), with nearly continuous coverage of ^one -sixth 
of the sky down to 5 keV at 0,5 s resolution, is better designed for 
such a task. Using ICE data, we have confirmed that soft-spectrum 
events do indeed exist, apparently with properties that set them apart 
from the general GRB population. Results from the ICE experiment are 
presented below, 

2. Results 


The spectrum of one such event, GB790107, has been measured over 
the 5 - 200 keV range. Above ~30 keV the spectrum is much steeper than 
that of any other GRB observed by ICE. It is characterized by a 15 to 
30 keV e-folding energy, depending on the exact model chosen for the 
spectral fit. However, at lower energies the spectrum becomes much 
flatter, indicating some kind of low-energy absorption or cutoff. 

We have searched the ICE data record for additional soft-spectrum 
events, using published lists of short events (1,3, 4, 5) as well as an 
arbitrary net 70-day ICE data block. Our null result leads to the 
following conclusions: (i) Nearly all of the known short events have 
hard spectra, and are probably normal GRBs at one extreme of the 
duration distribution. (ii) Since the ICE experiment always has good 
coverage of the Galactic Center region, soft-spectrum events are not 
highly concentrated in that direction. (iii) Long-duration (>1 s) soft- 
spectrum events are either rare or nonexistent. 

3. Acknowledgments 

This work was supported by the US DOE and NASA under contract 
NAS5-25980 . 
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AMIIIILATIOH RAD I ATI OH IN COSMIC GAMMA-RAY BURSTS 

R.L. Aptekar, S .V.Golenetskii, Yu.A.Guryan, V.N.Ilyinskii, 

E.P.Mazets 

A. F. Ioffe Physical-Technical Institute, Academy of Sciences 
of the USSR, 194021 Leningrad, USSR 

The pair annihilation radiation in gamma -ray hursts is 
seen as "broad lines with extended hard wings. This ra- 
diation is suggested to escape in a collimated beam 
from magnetic polar regions of neutron stars. 

Cosmic gamma -ray bursts are widely believed to be gene- 
rated on strongly magnetized neutron stars. The strongest 
support for this hypothesis comes from the observation in 
the gamma-ray burst spectra of absorption and emission fea- 
tures which are supposed to be cyclotron and gravitationally 
redshifted annihilation lines, respectively 
(Mazets et al., 1981, 1982; Teegarden and 
Cline, 1980; Hue ter and Gruber, 1982). How- 
ever the origin and emission mechanism of 
gamma-ray bursts remain unclear (Lamb, 1984; 

Liang, 1984; Woosley, 1984 ). This emphasi- 
zes the need in a comprehensive study of 
the spectral behavior of bursts. 

The Konus experiment on the Venera 11 
to 14 spacecraft carried out in 1978 
through 1983 has revealed over 350 gamma- 
ray bursts. Several tens of events exhibit 
in their spectra emission features. In many 
cases the statistical accuracy of measure- 
ments was high enough to provide more accu- 
rate information on the spectral shape of. 
these features. 

The new data show that the emission features represent 
very broad asymmetric lines with extended hard wings. This 
means that the gamma-ray bursts under study are made up es- 

s. The first (softer) 
component is character- 
ized by an exponential 
falloff with increasing 
photon energy. The 
spectrum drops steeply 
below 1 MeV. This com- 
ponent is similar to 
the continuum spectra 
of the bursts without 
emission features. 

The second (har- 
der) component exhibits 
a low-energy cutoff be- 
low ~300 keV. The po- 
sition of the spectral 


sentially of two radiation componei 
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E, KEV 


maximum varies from ~ 350 
to 450 keV for different 
events. This narrow regi- 
on corresponds to the 
gravitational redshift of 
the pair annihilation ra- 
diation produced near the 
surface of a neutron 
star. The hard wing of 
the feature extends to- 
ward high energies by ap- 
proximately a power law 
with a slope of -2.5 to 
-3.5. It is highly proba- 
ble that the hard tails 
in the gamma-ray burst 


Fig. 4 

spectra revealed in the SMM data (Rieger et al., 1982) ori- 
ginate in such features (Mazets et al., 1983). 

In the present report we are going to submit only 
a few observations of annihilation features as well as some 
considerations concerning their possible interpretation. 
The results obtained will be treated in more detail else- 
where . 

We have fitted the shape of the photon energy spectrin 
having an emission feature with a sum 

dN/dE =AE" 5 exp( -E/kT ) + B B 


S.P +(kmc 2 )' <? 


(D. 


The first term of this expression describes satisfactorily 
the spectrum of a continuum without the absorption and emi- 
ssion features (Mazets et al.. 1982). The second term is a 
simple model for the hard radiation component representing 
a broad line with an extended hard wing. This function grows 

as E“% passes through a maximum at [-/ V -«)F kmc 2 , 

and falls off after this as The parameter k permits 

shifting the distribution along the energy axis. A and B are 
dimensional normalization factors. 

Consider examples of such representation of the gamma- 
ray burst spectra with clearly pronounced features. Fig.1 
shows a photon spectrum of the 18 April 1979 event. The ex- 
perimental points exhibit a complete agreement between the 
measurements performed on the two spacecraft. The solid li- 
ne at energies above 50 keV corresponds to relationship (1). 
The two radiation components are shown separately by dashed 
lines. The parameter adjustment was performed by minimizing 

the sum £ (K jobs' H jc )2/<r2(]I ;iobs> where N jobs is the ex P eri “" 
mental value of the photon flux in channel j of the spect- 
rum, and is the corresponding value calculated by Eq.( 1 ), 

p J ^ p 

The \ test (\q_p ==2 3 for the number of the degrees of fre- 
edom q-p=24) showed this approximation to be satisfactory. 
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Pig. 2 displays three spectra of the 
2 April 1979 event measured consecutive- 
ly with a 4 s accumulation time. In ad- 
dition to a strong annihilation compo- 
nent, the spectra contain also an inten- 
se cyclotron feature. Both the continuum 
and the features exhibit a strong and 
independent variability. The hard compo- 
nent in the energy spectra can evolve on 
a very fast time scale. Pig.3 shows two 
spectra of the 25 May 1982 gamma-ray 
burst. The strong annihilation line is 
seen only in the first spectrum measured 
with an accumulation time of 1 s. 

It is remarkable that the annihila- 
tion component is present also in some 
very short gamma -ray bursts. Pig. 4 presents a spectrum of 
the 8 September 1982 event which lasted only for 100 ms. 

The above examples represent only a small fraction of 
the available data on the bursts exhibiting this pattern of 
spectral behavior. 

The spectral range of our measurements extends only as 
far as 2 MeV. Therefore we cannot provide direct evidence 
which would show that the hard wing can extend up to several 
MeV and even higher. There is ? however, a remarkable obser- 
vation supporting our suggestion. Pig. 5 presents a spectrum 
of the 25 March 1978 event measured on HEAO-1 up to about 
10 MeV (Hueter, 1984). One can see here both types of spect- 
ral features. Our approximation of this spectrum with the 
two-component model yields a result which does not differ 
from the other cases considered. 



In conclusion consider a possible explanation for such 
a spectral behavior of the annihilation radiation from a 
pair plasma assuming its temperature to vary within a fairly 
broad range, kT 0.1~5 MeV. In Pig. 6 constructed from the 
data of Ramaty and M4szaros (1981) the solid lines corres- 
pond to annihilation spectra for a pla- 
sma with the temperature varying from 

3x1 0 8 to 3x1 0 10 K. The dashed line is a 
result of superposition of these spect- 
ra. While being schematic, this result 
nevertheless exemplifies clearly the 
possibility of formation of an annihi- 
lation spectrum with a maximum around 
2 

me and a hard power-law wing. This si- 
tuation can apparently become realized 
in a plasma with a spatially nonuniform 
and/or rapidly varying temperature. 

As follows from the data obtained, 
the line energy flux is comparable 

with the continuum energy flux S and 

c 

even may exceed it, i.e. S 1 /S £J =1 to 4. 
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We believe that such a ratio can be accounted for by diffe- 
rent directional patterns of these two component s .The loca- 
tion and temperature of the regions responsible for the li- 
ne and continuum radiation are apparently different .The ma- 
gnetosphere of a neutron star is opaque to hard radiation. 
Therefore the pairs formed in the (^jr) and (r/3) processes 
above the surface of an isotropically emitting continuum 
source should apparently accumulate in the star’s magnetic 
polar regions before annihilation. Here a window should 
exist in the opaque magnetosphere within a solid angle aro- 
und the star’s magnetic moment through which the annihila- 
tion radiation from the stored plasma will escape in a col- 
limated beam (cf, e.g., Katz, 1§82). 

The annihilation lines are observed in about 10-15% of 
the gamma -ray bursts. One may suggest that this frequency 
corresponds to a difference between the directional pat- 
terns of the annihilation and continuum emission. Accordin- 
gly, the actual ratio for the energy emitted in the two 
components will drop down to S^/S ~0.1 - 0.4. 

References 

Hueter G.J., Gruber D.E., 1982* ^In: Accreting Neutron 

Stars, ed. W .Brinkmann & J. Trimmer, MPE report 177, 
Garching, 213. 

Hueter G.J., 1984. In: High Energy Transients in Astrophy- 
sics, ed. S.Woosley, AIP Conf. Proc. No 115, NY, 373. 

Katz J.I., 1982. Astrophys. J. 2£0, 371. 

Lamb D.Q., 1984. In: High Energy Transients in Astrophysics, 
ed. S.Woosley, AIP Conf. Proc. No 115, NY, 512. 

Liang E.P., 1984. Ibid. 597. 

Mazets E.P., Golenetskii S.V., Aptekar R.L. et al., 1981. 
Nature 2^0, 378. 

Mazets E.P., Golenetskii S.V., Ilyinskii V.N. et al., 1982. 

Astrophys, Space Sci. 82, 261. 

Mazets E.P., Golenetskii S.V., Guryan Yu.A. et al., 1983. 

In: Positron-Electron pairs in Astrophysics, ed. 

M.L. Burns, A. K. Harding & R.Ramaty, A±P Conf. Proc. 

No 101, NY, ^6. 

Ramaty R., Mdszaros P., 1981. Astrophys. J. 250 . 384. 

Rieger E., Reppin C., Kanbach G. et al.,1982. In: Accreting 
Neutron Stars, ed. W.Brinkmann & J. Trumper, MPE report 
1 77 , Garching , 229 • 

Teegarden B .J. , Cline T.L., 1980. Astrophys. Jw 236 . L67. 
Woosley S.E., 1984. In: High Energy Transients in Astro- 
physics, ed.S .Woosley, AIP Conf. Proc. No 115, NY, 485. 



OG 1.1-4 


1 1 

ON THE EMISSION REGION OF GAMMA RAY BURSTS 

Edison P. Liang 
Physics Department, LLNL 
University of California 
Livermore, CA 94550 

U.S.A. 


1. Introduction . Within the last few years the rapid 

accumulation of gamma ray burst spectral data, especially 
those of KONUS and SMM, has made the confrontation between 
theories of the gamma ray emission mechanisms and 
observations much more urgent and challenging . At present 
the most viable model seems to be some combination of 
inverse Comptonization and synchrotron emission (see Ref. 1 
for review) . In this paper we will try to limit the 
acceptable parameter space of the emission region by taking 
into account the maximum set of observational constraints. 
We then apply these to two specific scenarios: surface 

emission versus magnetospheric emission and consider some 
observable predictions based on these scenarios. 


2. Observational Constraints On N c and B . Let us 

consider the most model-independent constraints that can be 
drawn from the raw data. Taken together they strongly 
constrain the electron (pair) density N e and magnetic 
field B of the source: 

1. The SMM data show no evidence of cutoff or decrement 
above the gamma-B pair production threshold. For gamma rays 
of hv = 50 Mev, this requires the field strength orthogonal 
to the line of sight to be less than 4.10 11 G. 

2. Both the existence of narrow line features (with FWHM « 
kT) and lack of Wien hump at ~3kT require that the Compton 
scattering depth by hot electrons < 1. This means N^.H < 
3.10 24 cm“ 2 where H is the thickness of the hot emission 
column along the line of sight. 

3. If the narrow absorption dips in the x-rays are indeed 
cyclotron absorption lines this suggest an absorption cold 
electron column depth of N c .H~10 21 “ Z2 cm -2 independent 

of the origin of the hot continnum. 

4. If the low energy turnover is indeed due to synchrotron 
self-absorption then the hot electron column density N e .H 
< 10 21 cm~ 2 f (B 12 ,T/mc 2 ) where B-, 2 =B/10 12 G and f 

is of order unity when B 12 ~l ana T~mc 2 . 

5. For the spectra with simultaneous self absorption 
turnover and annihilation lines, the observed line intensity 
plus the Compton thin requirement constrains the pair 
density N + >10 2 ^ 2 Vcc. 

6. If the burst energy comes from release of stressed 
magnetic fields B s in the magnetosphere, the current j 
needed would be 47f j/c ~ B s /L where j~Nec and L is the 
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size of the stressed field. Hence the minimum column 
density is NL >10 20 cm"’ 2 B sl2 . Note that this is still 
consistent with the above constraints. 


7. If the stressed field energy is the only source of the 

rra-mma V\ivv'C!+- tjo ha^ro tho e+* ■v'a n rvfr- • R ** T V ( 4- r\+- ai 1 


gamma burst, we have the cgnst^aint: B 


.l 6 - , > 0.1(E/10 


^q/ 8TT>e ( total 


gamma output). Hence B sl2 
8. The energy flux in magnetic waves must exceed the gamma 
flux; B 2 .c/4ir>F, 

i.e. B > 1.5.10 1U G. (F/10 30 ergcm“ 2 ) * 5 


9. The optical flashes must originate from regions with 
plasma frequency w e /2'Tf <hVpp^-j cai~ lol6 es. This 
requires an electron density N eO p^~<10 22 /cc. 

10. Magnetic confinement of the plasma requires that: 

B 2 /8'7T> N kT or N < 4 . 10 28 cm“ 3 B ig T/mc 2 ; 
and B 2 /8-7T> FTT/c or N.H.F/10 30 < 10 29 cm“ 2 b 12 . 


3. Emission Scenarios . We now consider two specific 
scenarios: 

A. Surface Emission 

If the continuum emission, together with the lines etc 
indeed originate from the surface of a strongly magnetized 
neutron star, then the above constraints, taken together, 
would be most consistent with the burst being powered by a 
large flux of magnetic waves which heats a thin surface 
layer for the gamma production while confining it at the 
same time. This is the well known "hot thin sheet 
synchrotron model" originally proposed by Ramaty et al[2] 
for the March 5th event. Here we will address not the 
overall merit of that model but the more restricted question 
of how a large flux of low frequency Alfven-like waves 
impinging onto a neutron star surface, independent of its 
origin, can be absorbed and convert its energy into 
suprathermal particles with energies ranging up to many 
Mevs, which then radiate the observed gammas via 
synchro-Compton processes. 

While there must be large uncertainties, we believe the 
qualitative picture must resemble something like Fig. l. As 
the waves penetrate into higher and higher densities, the 
wave amplitude B must increase as the Alfven speed 
decreases. The nonlinear interaction between incident and 
reflected waves then favor the parametric conversion of the 
low frequency hydromagnetic waves into high frequency 
kinetic modes, which ultimately decay into whistlers and 
Langmuir waves. Whistlers can only exist when 
(w e p.w^ c ) • 5 < w e < w ec , where ec denotes electron 
cyclotron and ic ion cyclotron. Hence we crudely identify 
the w e =(w ec .w^ c ) * 5 boundary as the beginning of the 
absorption layer. In a strong B field the Langmuir wave can 
only propagate along the field lines. So its resonance with 
Maxwellian tail particles can only produce suprathermals 
with momenta along field lines. Transverse momenta (or 
large pitch angles= high Landau levels) must be gained by 
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the resonant scattering of the longitudinal supra thermals 
with the transverse electric fields of the whistlers 
satisfying the condition w =k. v Note that despite 
its high p// they cannot leak our much beyond the 
absorption layer because of scattering by the downward wave 
flux. In some sense this forms a collisionless shock with 
the momentum flux of the wave balancing the pressure of the 
suprathermals and the radiation pressure of the emitted 
gammas. One of the unavoidable consequence of this picture 
is the existence of copious amounts of Langmuir waves, 
leading to the enhanced emission of w~ and possibly 2w 
coherent plasma radiations, which would range from the 6 XUV 
down to optical frequencies. The brightness temperature of 
such radiation could be much higher than that of the 



Fig. 1 Absorption of Alfven Fig 2 Emission region 
waves at neutron star in magnetosphere 

surface 


B. Magnetospheric Emission: 
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If we assume that m the magnetospheric field is 
roughly dipole so B=10 12 G(r/10 6 cm) " 3 ; (21 the emission 
region has dimension Ar - r for r » 10 6 cm; (3) only 
constraint on the density comes from Compton thinness: <N}Ar 
~<N>r <10 2D cm“ 2 so that <li><10 25 /cc/r, then we have 
the picture illustrated in Fig. 2. The dotted region is 
such that even collisionless processes cannot keep the 
electrons hot against synchrotron losses, whereas the 
hatched region is such that even Coulomb collisions provide 
adequate heating. This suggest that if the gamma rays 
originate from the magnetosphere, the source must be quite 
far ,gway from the stellar surface, where the field is below 
~10 . G. Interestingly this is consistent with the 
requirement of no pair production attenuation by the 
magnetic field on hard gammas. However, in this case the 
line features must be produced separately from the hot 
continuum. 


4. Conclusion. Based on all the data taken together, it 
seems most plausible that different part of the gamma burst 
spectrum are produced at different places: 

1. The hard power law beyond a few Mev must be produced in 
the far-field magnetosphere by Compton or small pitch angle 
synchrotron by relativistic electrons. 

2. The annihilation lines (and cyclotron lines if real) are 
produced very close to or at the surface. 

3. The exponentially shaped sub-Mev continuum must be 
produced within a compact region (<~l0 7 cm) near the star 
because of the very fast rise time (<~ms) seen in many spike 
structures . 

Since the SMM spectral evolution data strongly suggest 
that the hardest part of the spectrum rises first, this 
suggest that the initial source of the gamma burst is 
probably situated in the far field and then propagate along 
field lines down to the polar regions at the surface as the 
spectrum softens. However, since the magnetic field energy 
density decreases as r , the energy available in the far 
field region would be miniscule to power a burst. This 
poses a fundamental dilemma that must be faced by any global 
model of gamma ray burst origin. 

This work is performed under the auspices of the U.S. 
Department of Energy by the Lawrence Livermore National 
Laboratory under contract number W-7405-ENG-48 . 
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UNTHERMALIZED PLASMA IN BURSTS SOURCES 

W. Tkaczyk and S. Karakula 
Institute of Physics, University of Lodz, Poland 


ABSTRACT 

We have studied the pair e + -e annihilation phenomena in hot 
plasma in order to evaluate the photon energy spectrum. The spect- 
ra of the broadening 0.511 MeV annihilation line was calculated in 
the case of unthermalized plasma i.e. T e “ =/= ^e + * /phe energy spectra 
from annihilation process for unthermalized positrons are characte- 
rized by the presence, of flat part for energies greater than 0.511 
MeV. The flatening in the spectrum of annihilation unthermalized 
plasma is a strong indication that the observed features of the hard 
tailed spectrum of the gamma bursts can be well described by an- 
nihilation of hot positrons and cold electrons. We propose that the 
mechanism for the production of unthermalized positrons is associa- 
ted with the charge separation in Eddington limited accretion onto 
a neutron star. 

1. INTRODUCTION 

The spectra of many bursts contain absorption (for energy 
E <100 keV) and emission (e « 350-450 keV) features which have 
been interpreted, respectively as broad cyclotron scattering and 
redshifted annihilation lines (Mazets et al., 1981 ). One of the most 
important result of the gamma bursts spectral studies given by both 
Konus (Mazets et al., 1983) and SMM ( Solar Maximum Mission, 

Nolan et al., 1983) experiments is fact that gamma bursts spectra 
can have in some phase hard tails extending to a few MeV or even 
higher. Eor example the spectrum of this type has the burst 
GrB811231a from Konus experiment. The spectrum of another burst 
GB 82 0320 has even a harder tail. This last burst was also recor- 
ded by SMM (Rieger et al., 1982), where a hard tail could be fol- 
lowed up to 40MeV.We can shortly summarize the experimental facts; 
i) there are some classes of burst with hard tail in the energy 
spectrum extended up to few MeV, ii) the registrated hard tail be- 
gins near the energy range of 400-500 keV i.e. in the region where 
the annihilation features are seen, iii) the spectral index of the pho 
ton spectrum can even aproach 1 (GB820320) in the energy range 

of E > 511 keV (one must notice that data errors are large). These 
may indicate that at sufficently high temperatures the plasma becomes 
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pairs dominand, ^he emission processes in such a plasma acts as 

an additional source of hard gamma rays. 

In this paper we have calculated the photons spectra from 

annihilation process for unthermalized positrons i. e. T -f =£= T - 

e e 

The spectra indicated similar features as observed in the spectrum 
of bursts. So we have proposed the model for the gamma bursts 
source with annihilation of positrons additionally heated by the char- 
ge separation in the time of matter accretion onto neutron star. 


2. ANNIHILATION LINE FROM UNTHERMALIZED POSITRONS 
The broadening of annihilation line 0.511 MeV can be produced 
by high temperatures, intense magnetic field and Doppler shifts due 
to bulk motion and gravitational field. We have considered only tem- 
perature effect in unthermalized pair dominant plasma i.e. T»- i T - , 

e ' e 

In order to calculate the energy spectra from unthermalized plasma 
following assumption was made: i) the electrons have the tempera- 
ture T 0 - and Maxwellian momentum 
distribution, ii) the positrons have 
temperature T 0 + and Maxwellian 
momentum distribution, iii ) the angu- 
lar distributions of momentum is iso- 
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tropic for both electrons and positrons. The kinematics of annihilation 
and numerical calculation of spectra for above conditions should be 
analyzed in most general case, as it was shown for thermalized 
plasma (Svensson, 1982: Karakuia and Tkaczyk, 1984). As examp- 
le we present on the Pig. 1 the photon spectra (in detail scale) 

5 

from annihilation of electrons with temperature T - -10 K and po- 
sitrons with temperature: 10^, 10 10^, 10 8 K. Figure 2 shows the 

spectra for higher temperatures ( see also Pig. 1 in paper OG- 2.7- 
11 ). The curves on this Figures are' labeled by temperatures of po- 
sitrons. We can notice that the spectra have a flatening tendency for 
energy P > 0.511 MeV. For the large difference of electrons and po- 
sitrons temperatures the spectra are of the invers power low type 
with power index = 1. We have analyzed relations between annihila- 
tion time and attenuation energy time for bremsstrahlung and we can 

11 

conclude that for temperature of plasma T^- = T e + ~ 3*10 K the 
annihilation process is more efficient than bremsstrahlung. So taking 
in the consideration the shape of spectrum and efficiency of the 
process, the observed features in the spectrum of the gamma bursts 
with hard tail can be well described by annihilation of unthermalized 
positrons. We have proposed that the charge separation in the matter 
of Eddington limited accretion onto a neutron star can produce un- 
thermalized positrons (Colgate and Petschek, 1983). The scenario 
can be shortly described as: the layer of the thickness (tr=l) falls 
onto the neutron star. The electrons will be pushed away from the 
star by the photons flux outgoing from the surface. This produces 
a charge separation and consequently and electric field. The elect- 
rons are heated by interaction with the photons. Photons are pro - 
duced by annihilation of positrons and by the compression caused 
by the matter falling onto the star surface. The pair production pro- 
cesses caused by photons or other particles are the source of the 
positrons which are accelerated not only by photons interactions, 
as electrons, but also by the electric field. 

3. DISCUSSION AND CONCLUSIONS 

The calculated spectra from annihilation process of the un - 

thermalized positrons (t - £ T +) are characterized by the presen- 

e e 

ce of flat part for energies greater than 0,511 MeV. The annihilation 
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process is sufficiently effective for generaly acceptable parameters 
of the gamma bursts sources and can describe the obseved spect- 
rum with hard tail. The temperatures of electrons T - = 10 8 K and 

10 e 
positrons T + =10 K and concentration of order magnitude n — = 

lo -3 e 

n e + = 10 cm secures the observing high energy (E > 0.511 MeV) 

flux in burst GB811231a located at typical galactic distance. Validi- 
ty of our result is guaranteed by using the same procedures of cal- 
culations as we have used in the thermalized case, results of which 
are in compliance with Svensson (1982). Our model has a common 
part with the model recently proposed by Colgate and Petschek 
( 1983 ) , it is the charge separation as the source of additional hea- 


ting of positrons. We show that the positrons can effectively annihi- 
late. Colgate and Petschek proposed that the positrons can additio- 
naly heat photons producing hard tail in the spectrum. 
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OPTICAL MONITORING OF GAMMA-RAY SOURCE FIELDS 
N. Gehrels 

Laboratory for High Energy Astrophysics 
NASA/GSFC, Greenbelt , MD 20771 

T. Gehrels, J. V. Scotti , J. E. Frecker, and R. S. McMillan 
Lunar and Planetary Laboratory 
University of Arizona, Tucson, AZ 85721 


ABSTRACT 

The three gamma-ray burst source fields GBS1028+46, GBS1205+24, and 
GBS2252-03 have been monitored for transient optical emission for a 
combined total of 52 hours. No optical events were seen. The limiting 
magnitude for the search was m =15.8 for transients of 1.1 s duration or 
longer and m v =17.0 for 6.0 s or longer. 

1. Introduction Although gamma-ray bursts have been observed for over 
a decade, the sources are not yet understood. The distance scale is 
undetermined, the burst repetition rate is highly uncertain, and the 
type of object producing the bursts is not firmly established. Several 
recent results have indicated that the detection with ground-based 
telescopes of optical emission from the bursts could be a powerful tool 
for addressing these questions. 

One result is the discovery by Schaefer (1,2) of optical transients on 
archival plates from the directions of three gamma-ray bursts. The 
plates were taken in the first half of this century, so the optical 
transients were not simultaneous with the three gamma-ray bursts; they 
were presumably coincident with their own, at that time undetected, 
gamma-ray burst. These archival images have given for the first time 
precise enough (arcsec) source positions to allow deep searches to be 
made at other wavelengths for steady-state emissions from the sources. 

Other new results concern the 1979 March 5 gamma-ray burst source, 
GBS0526-66. In the four years following the original event, 15 smaller 
ones were observed by the Venera spacecraft with positions, time 
profiles, and spectra consistent with a single source (3). For the 9 
events detected simultaneously by Venera 13 and 14 (detection threshold 
~10" 7 erg cm -2 for > 30 keV photons), the observation livetime was about 
350 days (E. P. Mazets, personal comm., 1984) indicating an average 
repetition rate of approximately 9 yr -1 . Many of the events were near 
the detection threshold limit, indicating that even more events were 
probably occurring at lower fluences. 

Recently Pederson et al. (4) have reported the detection of possible 
optical flashes from GB $0526-66. Simultaneous gamma-ray bursts were not 
observed by detectors in space, although, assuming the ratio of gamma- 
ray to optical fluence inferred by Schaefer et al. (2), we estimate that 
the gamma-ray bursts were too weak to be detected". 


The 1979 March 5 event was different from typical bursts in many 
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respects (5), and therefore may be a different kind of source. However, 
the observed recurrences and possible optical emission are sufficiently 
intriguing to motivate optical monitoring of other gamma-ray burst 
sources. In addition to offering positional information with arcsec 
precision, optical measurements are likely to be more sensitive for 
burst detection than current gamma-ray instruments, as will be discussed 
in Sec. 3. The future goal is to continuously monitor a number of burst 
sources, or ideally the whole sky, for optical transients (6,7). As a 
first step both i nstrumental ly and scienti fical ly, we have undertaken a 
program of monitoring a few known burst sources for modest amounts of 
time. We report here the results of 52 total hours of observation of 
three sources. Preliminary results have been previously reported (8). 

2. Instrumentation and Observations All observations were made with 
the 0.9-m Newtonian F/5 telescope of the Steward Observatory on Kitt 
Peak (the "Spacewatch Camera"). It is equipped with an RCA SID 53612 
CCD; the 320 x 512 pixels are 29.5 ym or 1.34 arcsec square, giving the 
chip a 7.2' x 11.5' field of view. The CCD is cooled with dry ice and 
has an rms readout noise of 120 to 150 electron-hole pairs per pixel per 
readout. The dark current is comparable to that from the night sky. 

Background events due to cosmic ray penetration of the CCD and internal 
radioactivity were suppressed by using a new observation mode (9). CCDs 
are used at nearly all observatories by performing integrations with the 
readout inhibited and the telescope driving at the sidereal rate. The 
entire image is then quickly read out. In our new mode the telescope is 
driven at the sidereal rate, but the CCD is slowly read out throughout 
the observation. The readout is accomplished by shifting the electronic 
signal charges incrementally from one row of pixels to the next in a 
"bucket brigade" to the edge of the chip. This results in trailed 
images of stars and real transient events of sufficient duration, while 
background events are contained in single pixels. In addition to 
separating out background events, this mode would also give light curves 
for transient events. The time resolutions used for the present 
monitoring were 0.25 and 0.36 s per pixel; i.e., every 0.25 or 0.36 s 
all 512 rows were transferred by one row and the 320 pixels of the end 
row were read out. 

Observations were performed by tracking the center of each gamma-ray 
burst error box and recording the CCD output on digital tape. The data 
were analyzed by visually inspecting each frame with a video display 
Grinnell system. The journal of observations is given in Table 1. The 
approximate observing times are not completely covered intervals as time 
was lost due to tape manipulation and poor sky. The total number of 
good hours of monitoring the three regions of Table 1 are, respectively, 
24.4, 4.1, and 23.6 hours. The coordinates in the table are as read 
from the telescope dials with the epoch of the time of observation; they 
are the apparent right ascension and declination. The error-box 
references and additional comments for each source are as follows: 

1) GBS2252-03 - Schaefer event from 1901 archival plate (2); 1979 
November 5 gamma-ray burst (10). Telescope set on center of 18" by 27" 
error box from archival event. Time resolution = 0.36 s. 

2) GBS1205+24 - 1978 November 24 gamma-ray burst (10). Telescope set 
on center of error box. Time resolution = 0.36 s. 
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TABLE 1. Journal of Observations 


Name, 

Coordi nates 

Observation Date 
11. T. 

Approximate Times 
U.T. 

GBS2252-03 

83.10.13 

6 35 - 8 00 

22 53.4 

83.10.14 

4 20 - 5 30 

-2 21' 

83.10.15 

2 50 - 6 00 

83.11.07 

2 20 - 7 00 


83.11.08 

1 50 - 6 20 


83.11.28 

2 50 - 6 20 


83.11.30 

1 30 - 3 40 


83.12.06 

2 00 - 4 40 


83.12.07 

2 40 - 5 40 


83.12.08 

1 40 - 5 30 

GBS1205+24 

83.12.07 

11 00 -12 50 

12 07.0 
+23 44' 

83.12.11 

10 20 -13 10 

GBS1028+46 

83.03.24 

3 15 - 9 20 

10 30.2 

84.03.26 

2 55 - 6 00 

+45 40' 

84.03.28 

6 45 -11 00 


84.03.29 

8 00 -10 05 


84.04.22 

3 30 - 5 40 


84.04.23 

3 00 - 8 30 


84.04.24 

3 00 - 7 15 


. 3) GBS1028+46 - 1979 March 29 gamma-ray burst (11). Telescope set on 

center of error box. CCD rotated by 25° for better alignment with error 
box. Time resolution = 0.25 s. 

' 3. Results and Discussion No transient optical events were detected 

during 52.1 total hours of - observation of the three source fields. For 
GBS2252-03 and GBS1205+24 the search criterion was that the event be 
visible in three or more adjacent time bins giving a lower limit for the 
event duration of 1.1 s for detection. For GBS1028+46 the data were 
first compressed in time by a factor of 8, and then the three-bin time 
requirement applied, giving an event duration lower limit of 6.0 s. In 
both cases it was also required that the image spread perpendicular to 
the trailing direction be consistent with the seeing profile of real 
sources, as discussed below. The limiting magnitude for the search was 
determined by analyzing stars of known magnitude (H. D. Abies and C. C. 
Dahn, personal comm., 1983) as if they were transients. The limiting 
magnitudes are m v = l 5. 8 for the > 1.1 s search and m v = 17.0 for the > 
6.0 s search. 

Several different types of background events were observed. The most 
common were the single-pixel events occurring at a rate of 1 to 2 per 
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100 s over the 1.4 cm 2 active area of the CCD. The rate is consistent 
with the incidence, flux of cosmic-ray muons at the Earth's surface 
(12). This large background component was eliminated from the transient 
search by the image trailing technique. A small number of two-pixel 
events were seen that we ascribe to muons depositing ionization near a 
pixel boundary. There were approximately ten background events that had 
several saturated pixels in a row in the trailing direction but were 
only one to two pixels wide in the perpendicular direction. These may 
be caused by natural radioactive decays in the CCD. The decays deposit 
a large amount of ionization in one or two pixels which then spreads 
over the low potential barriers in the charge-transfer direction. These 
events had many of the characteristics expected of a real optical 
transient, but were identified as background because they did not have a 
wide enough spread in the perpendicular direction to be consistent with 
the telescope seeing profile of real optical transients. For a star 
just bright enough to saturate the CCD (11th mag.) and on a night of 
good seeing, the image is detectable over 6 pixels in the perpendicular 
direction. Similar events have also been seen with this instrument 
during other observing programs. 

With a magnitude limit of 15.8 for a 1 s flash, this type of optical 
monitoring may be significantly more sensitive for detecting bursts than 
present-day gamma-ray instruments. Assuming the fluence ratio of S (>30 
k ? v ) /s opt ~ 103 infe rred by Schaefer et al. (2) applies to all buTsts, 
the m v =15.8 optical limit corresponds to a > 30 keV gamma-ray fluence 
limit of ~ 10" 9 ergs cm- 2 . This limit is a factor of 100 lower than 
that of the best current gamma-ray burst instruments. 

4. Conclusions No optical events were seen during 52.1 total hours of 
observation. The limiting magnitude for the search was m =15.8 for 
transients of 1.1 s duration or longer (28.5 hours searched) and m =17.0 
for durations of 6.0 s or longer (52.1 hours searched). v 
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ABSTRACT 

Attempts were made to detect optical bursts 
from the gamma-rav burst source GBS 0526-66 
during Dec. 31, 1984 - Jan. 2, 1985 and 
Feb. 23 - Feb. 24, 1985, using the one metre 
reflector of the Kavalur Observatory. Jan. 1, 

1985 coincided with the zero phase of the 
predicted 164 day period of burst activity 
from the source (Rothschild and Lingenfelter, 

1984) . A new optical burst photon counting 
system with adjustable trigger threshold was 
used in parallel with a high speed photometer 
for the observations . The best time resolution 
was 1 ms and maximum count rate capability was 
255,000 counts s~l. Details of the instrumen- 
tation and observational results are presented 
in this paper. 

1. Introduction. The gamma-ray burst source GBS 0526-66 of 
March 5 , 1979 is unique in several respects (reviewied by 
Cline, 1980) . It exhibited the most intense gamma-ray burst 
ever recorded. It is the only source for which there is a 
tentative identification of the positional error box that 
lies in the direction of a previously known celestial object, 
namely, the N49 supernova remnant in the Large Magellanic 
cloud (Cline et al., 1982). Another interesting feature of 
this object is its recurrent behaviour. Based on the ordered 
pattern of recurrence times of fifteen weaker bursts observed 
bv Golenetskii et al. , (1984), Rothschild and Lingenfelter 

(1984) have predicted a possible 164 day period for burst 
occurence from this source. Optical bursts reaching a maximum 
brightness of mv=8.4 have been detected from the above region 
of the sky by Pedersen, et al., (1984). Of the three optical 
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bursts observed by them, the burst of February 8, 1984, which 
lasted nearly 400 ms, coincided with the zero phase of the 164 
day period. 

In order to confirm the periodic nature of GBS 0526-66 
and to zero-in on the precise location of the source respon- 
sible for the above gamma-ray bursts, an international 
multiwavelength burst watch was co-ordinated bv the European 
Southern Observatory (Pedersen, 1984) around New year 1985. 
January 1, 1985 +3 days was estimated to correspond to the 
zero phase of the 164 day period, when the burst activity was 
expected to be maximum. The burst watch program consisted 
of observations of the source region in all wavelength 
bands of the electromagnetic spectrum ranging from gamma-rays 
to radio waves. As part of this international burst watch 
we carried out high speed photometric observations with the 
one metre telescope of the Kavalur Observatory using a newly 
built optical burst photon counting system. This instru- 
mentation could record data with an integration time of 1 ms 
for a total duration of 31 s after burst detection above a 
preset threshold. This paper presents details of the instru- 
mentation and observational results. 

2 . Instrumentation . A single channel photometer with a 
Johnson V filter and a rectangular diaphragm of 20 x 80 
arc sec centred on the error box of GBS 0526-66 was used 
for the observations. Figure 1 shows a schematic of the 
data recording equipment. The data was recorded in two 



FIG.1 SCHEMATIC OF THE HIGH SPEED PHOTOMETER 
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parallel channels. The first channels was used for continuous 
photometric recording at 1 sec integration time while the 
second channel using the new burst photon counting system 
recorded data with 1 ms resolution whenever the optical 
photon counting rate exceeded a preset burst threshold. 

A thermoelectrically cooled RCA C31034 tube was used 
in the photometer. Output signals from the phototube were 
amplified using a fast preamplifier (Ortec 9301) . . The 
signals from the preamplifier wbre fed to an amplifier/ 
discriminator (Ortec 9302) the output of which was 
parallely fed to the two channels of data recording. The 
first channel which was operated continuously -conaistedodf 
a fast photon counter (Ortec 9315) followed by a sampling 
control unit (Ortec 9320) , the output of which was printed. 

The printing speed of this channel limited the integration 
time to a minimum of 50 ms . 

The second channel consisted of instrumentation built 
solely for burst observations with a maximum storage capacity 
of 255 counts/ms (255,000 c s“l) . It consisted a micro- 
processor controlled logic and memory capable of storing data 
of 32 sec, duration with 1 ms resolution. Of the 32 sec, one 
second corresponded to preburst circulating memory which was 
frozen once the burst trigger was enabled. This gave 
information on the rising portion of the burst light curve. 

The rest of the 31 sec data was stored after the burst trigger 
was enabled. The burst trigger was enabled based on compa- 
rison of the photon count rate for 20 ms with a threshold 
set by the observer. Thresholds could be set to any value 
from 1 to 255 counts per 20 ms (50 counts/sec to 12750 counts/ 
sec) . Correspondingly 20 ms data sets were compared with this 
threshold and the moment the threshold was crossed, the 
instrumentation gave an indication and stored data for the 
next 31 sec. This data could, then be read out and stored on 
a cassette tape recorder to be retreived later and printed 
out for data processing. 

3. Observations and conclusions. Although the instrumen- 
tation was operational' for observations during the inter- 
national burst watch from December 31 to January 2, 1985, 
we could not carry out any observations during this time 
because of cloudy skies. However on February 23 and 24, 

1985, we conducted photometric observations of the source 
for a total duration of 2 hours (i.e.. from 15“ 42 in UT to 
16** 12 m UT on 23 February and from 14“ 48 m UT to 16“ 30 m 
UT on 24 February) . The average phase at the time of these 
observations was 0.33, as extrapolated from the zero phase 
quoted by Rothschild and Lingenfelter . The count rate 
measured from the comparison star SAO 249271 (m v =9) was 
about 5000 counts/sec. The count rate from the diaphragm 
centred on GBS 0526-66 was about 700 counts/sec. This 
corresponded to 14 counts in 20 ms. The threshold was 
set at 40 counts in 20 ms, to avoid spurious triggering. 
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This level corresponded to a signal level 6 sigma above the 
background and to m vr jlO. With these settings' no rise in 
count rate was observed in either of the channels. This 
indicates that no burst brighter than about 11th magnitude 
lasting for longer than 1 sec and no sharp bursts brighter 
than 10th magnitude lasting for longer than 20 ms, was 
recorded. It may be noted that two of the sixteen gamma-ray 
bursts observed earlier from this source were detected around 
a phase of 0.33. One could therefore expect an optical 
burst around this phase if every gamma-ray burst is accom- 
panied by an optical burst. However optical bursts are 
expected to last for a very short duration, and therefore the 
length of our data does not enable us to place stringent upper 
limits on the occurrence of these bursts. 

4. Acknowledgement. The authors thank M.R. Sharma, 

C.N. Umapathy and N.S.R. Murthy for support in electronics 
instrumentation and Jayakumar, K.R.N. Kutty, V.N. Padmini 
and V. Devasagayam for observational and additional support 
in the preparation of this paper. 
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ABSTRACT 

We report here the result of two searches for infrared 
counterparts of Gamma-ray Bursters (GRB's). The first 
search was made using data from the IRAS satellite and 
covered 23 positions. The second search was made with 
the Kitt Peak 1.5 m telescope and covered 3 positions. 

In neither of these two searches was any infrared 
candidate detected. 

1. Introduction . Despite the decade of intense gamma-ray observations 
since their discovery, nothing positive is known about the nature of 
GRB's; however, there is a suspicion that neutron stars are somehow 
involved. It has become apparent that gamma-ray observations alone 
cannot determine the nature of the GRB system. 

Currently, one of the best hopes for a breakthrough is the 
discovery of a quiescent low energy counterpart. A quiescent 
counterpart would allow for very deep studies at many wavelengths with 
high angular resolution. In addition, radiation from the quiescent 
system will be more diagnostic of the system's components than burst 
radiation. Low energy observations are cheaper, easier, more sensitive, 
and easier to interpret than high energy observations. Already many 
searches have been made for optical counterparts--but the searches have 
only demonstrated that the GRB's are very faint. So it seems that the 
vital search for a counterpart may profitably shift to other 
frequencies. 

At infrared wavelengths, there are reasons to believe that the 
quiescent GRB counterpart will be bright enough for a reasonable 
observing program. Many leading models require the neutron star to have 
a companion (e.g., Woosley and Wallace, 1982; Van Buren, 1981; Ventura 
JlLJLL. , 1983). The existence of the campanion is further supported by 
Wood et al . (1981) on the basis of the 8-second period in GB790305. In 
addition, Schaefer and Ricker (1983) have demonstrated that a large and 
cool companion to the neutron star is required to explain the optical 
flashes. The optical flashes are readily explained by reprocessing off 
a small companion star with a lO^K temperature at a distance of 100 pc 
(Rappaport and Joss, 1985). 

2. Results . The IRAS satellite has completed an all sky survey in four 
broad bandpass filters between 12 and 100 u (Neugebauer et al., 1984). 

We have used the resulting point source catalog to search for any 
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infrared sources associated with any of 23 known burst positions. These 
burst positions were chosen solely for their small size, so that it is 
unlikely that a background source will appear inside the error box. 

With one exception, no IRAS source was found in any of the boxes. The 
sensitivity limits vary widely with position on the sky, but typically 
are 0.25, 0.4, 0.6, and 1.0 Janskys for the 12, 25, 60, and 100 u 
filters, respecti vely. 

The GB790305 proves to be the one exception, as it often is. The 
IRAS point source catalog indicates that a source is located within 14" 
of (1950) 5h 25m 59.5s -66° V 3", which is consistent with the best 

error box of Cline et al . (1982). The 12 y flux is 0.45 Jansky and the 

25 y flux is 1.54 Janskys. The 60 and 100 y filters provide 
uninteresting upper limits. The region of the sky is extremely confused 
with background point sources and diffuse emission. The distribution of 
this background makes it problematic whether the point source is real. 
Even if it is real, we unfortunately conclude that the emission would* 
undoubtedly be from the N49 supernova remnant itself: (1) The IRAS 
spectral shape is indistinguishable from all other detected LMC and SMC 
supernova remnants. (2) The X-ray brightnesses of all LMC and SMC 

supernova remnants (Mathewson et al . , 1983) are well correlated with the 

IRAS detections. N49 is comparatively bright in the X-rays and, hence, 
should provide infrared emission detectible by IRAS (at the observed 
flux level) whether or not a GRB is along the line of sight. 

Our second search for infrared counterparts was made with a 1.5m 
telescope at Kitt Peak National Observatory in Arizona. We searched the 
error boxes associated with the 18 April (Hurley, 1984, private 
communication), 23 March (Laros et al., 1985), and 13 June (Barat et 
al_. , 1984) 1979 GRB's. The search was accomplished by raster scanning 
a 11.3" diameter aperture over the entire error box with typically 
30 seconds of integration time per pixel. We looked in the K filter 
(X ~ 2.2 y) to a magnitude of 13.6 which equals 0.0023 Jansky. We found 
only one infrared source in any of the three error regions. Subsequent 
UBVRIJHK photometry shows that this source is a m v = 13 G-type star, 
and, hence, is unlikely to be the counterpart. * 

It is disappointing that both our searches failed to identify any 
likely candidates. However, the potential for high scientific returns 
suggests that infrared searches should continue. 
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ABSTRACT 

Stellar collapse is accompanied by emission of E^IO MeV 
neutrinos and antineutrinos with the energy output 
IO 63 -icf v erg. Annihilation, of these particles^ +V -* e + +e~ ) 
in the vicinity of collapsar is considered. The physical 
consequencies are discussed. 

X. Introduction. Our interest to the problem of W— annihilation, in 
the vicinity of collapsing object( collapsar) is stimulated by expec- 
ted possibility of "quiet collapses" and by prospects of their detec- 
tion. using neutrino radiation/l— 6/ • Can collapse occur in such a way 
that neutrino emission will be the only observational comsequenoe? 

We think that in many cases, if not in all, neutrino burst will be 
accompanied by X-ray burst. Here we suggest a mechanism of. energy de- 
position in. outer layer of collapsing star and beyond it, which can 
result in ejection of small mass and in generation, of X— ray burst. 
This mechanism is DV -annihilation. At latest stages of evolution of 
a massive star an isolated stellar core is produced. For a star with 
Mfc*2M0 collapse results in the formation, of a hot neutron star which 
is cooling during 10-20 s mostly by neutrino radiation. For a star 
with M=>10 M^a hot compaot core exists during several seoonds follo- 
wed by the formation of a black hole.. The similar compact hot core 
can be produced as a result of gas accretion, to white dwarf in. a bi- 
nary system. In all these cases neutrinos are emitted from "neutrino- 
sphere" (analogous to photosphere). Its radius R-p is defined by cohe- 
rent ’\)A..->'PA scattering. The efficiency of *\> + 'V-»e + +e~ scattering 
depends on c.m. -energy of two neutrinos and thus it increases at 
large angles between, neutrinos.. Therefore the annihilation, beyond the 
outer boundary of a star heavily depends on. the radius of neutrino- 
sphere. 

2. Probability of annihilation . Neutrinos emitted from neutrino sphere 
of radius R v have Planck spectrum characterized by temperature T. 
Neutrinos (and antineutrinos) of all three flavours («•_,/* and x.) are 
equally presented in the flux. Consider antineutrino (v ) moving, in 
radial direction. Colliding with the other neutrinos emitted from 
neutrinosphere it undergoes at the distance dr dD annihilation col- 
lisions: 

^v-drri v (£,©)c7l^(r(ec) ('l~coso)^&> (l) 

where ^(£,0) is a space density of neutrinos with energy £ moving at 
an angle 9 to radial direction. A.t the density n v (E,e) is gi- 

ven by 
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"^■ e) = c;it = ^(«Pe/<<T h)' 1 (2) 

where ©i^ax = arcsin R i>/ r » B is neutrino brightness of the neutrino- 
sphere, gy »I is. a statistical factor for massless neutrinos, dS2. is 
a solid, angle (T(E C ) is the cross-section^ of V+v-^e+e" -scatter ing at 
energy E c in c.m. -system. Reactions V„+V / ,->e f +er and^+V ->& + eT pro- 
ceed through neutral currents ( Z° -ex change ) . The cross-section is gi- 
ven; by B 




P c C 


F^P.S 


(3) 


where =sini & w » 0.23, Op is Fermi constant, £ t *E c /2 and 
* / vt^ - ^e- 0 / ,a * • For "' ? «.+V e .->e t 4c: the contribution, comes from both; 

CC(W' -exchange) and NC(Z° -exchange) and cross-section is 


m) ) GfeVp^c . 


(4) 


Integrating, (i) over r from R to cO one finds the number of collisi- 
ons \) suffered by neutrino with energy E=KTt 




\GJT 


, ( 5 ) 


where f(R v /^T)- 
Rv/R ( 



_(6) 

, - I.I.I0*"^cm 2 for -> 

f , - -T “ n _ — — ' — 18/jr )Gip m^; c^ »5.2.iQ' V5 cra :u 

tor v e 4 - Ve_-> e. -t-e . For two cases the approximate analytical formu- 
lae can^ be given* 

i) at R;^R V and «T» 2m e o 2 


^i/2^(2m^ / kT^^Is ( 0. 26/jT) G f n£ c 

e^ + e- and +v^-> e + + a - and (I.I8 


V- L2i- 10 \^flOcm)(jy o / 10 (kT / lOMeV) 6 ^ 


(7) 


( ii) at R» R^ 


V: 


q rr 

' £ rNv u o 


Zm e c 




I C- 


k.T 




Clha e o 2 


2.me.c x R ^ 
~ <TR V )_ 


(8) 
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For the further numerical estimates we shall use the calculations of 
Nadyozhin. / 7/ for collapse of iron-oxygen core with mass' M=2M<— > . Ac- 
cording to these calculations after neutronization of the core the 
collapse is slowed down and stops for I 0 - 20 s untill the core (hot ne- 
utron; star) is cooled due to neutrino radiation;. At this stage the 
core is characterized by the following parameters: radius and tempe- 
rature of neutrinosphere are respectively R =IIkm and T*6.5»IO K, 
the mass above, neutrinosphere is. M=O.OII M.q, the outer radius of the 
star is R=I2.7 km, neutrino luminosity is L v ^ = 1 . 65 .lO 5 ^" erg/s and 
the total energy of neutrino burst is W v =5*8*I0 55 erg. Inserting 
these parameters into ( 7 ) one finds for \) e 1 ? ^ 9*10 6 • For the 

case (ii) and ad hoc parameters R^ =13 km', R=260 km and kT»I 2 MeV we 
find V 5 c 2 .IQ~ u . Probability fox V e to annihilate beyond the 
neutrinosphere radius is 9 s: 4 .IO ^ . 

3. Applications . The most interesting consequencies are connected 
with V+v annihilation beyond the outer surface of the star. 

The energy released, per Is in the form of e + -e~ -pairs is V L v y 
1. 5.10^ erg/s- The production of the new particles (e + ,e" ,y) in the 
collisions of e + and e~ as well as radiation in magnetic field re- 
sults in formation, of a fireball / 8 / and finally in X-ray burst. A 
duration, of the burst is a delicate problem connected with the stel- 
lar wind from the surface of the star. Unless neutrino luminosity is 
higher than L v y ^ ID ?s * erg/ s neutrino pressure cannot produce the 
stellar wind from the surface. The stellar wind at the considered 
Kelvin, stage of collapsing star results from the heating of the star 
surface to the temperature T s $- 2.2.I0 T K corresponding to Edding- 
ton luminosity. The heating is caused by 3 reasons: (i) by thermal 
flux from neutrinosphere, (ii) by be -scattering of neutrino flux and 
( iii) by VV -annihilation beyond the neutrinosphere. If outer shell 
is composed mainly of carbon, the depth of photosphere is xoc 30 g/ cm 
The energy deposition by neutrinos inside this depth results in 
equlibriura temperature T $ 2.IQ 6 K. Therefore, the surface tempera- 
ture depends on the. thermal flux from the deeper layers of the shell 
and hence on the temperature gradient. It is interesting to note that. 
Vy -annihilation, diminishes the temperature gradient, since the re- 
leased energy per particle is increasing outward due to diminishing 
of density. During the time the surface is heated to supe redding ton 
temperature and stellar wind makes the surroundings of the star 
opaque for X— rays, the fireball expands and leaves the star as X— ray 
burst. If timescale of the surface heating and of the filling of the 
star surroundings with the gas is "C ^ X ms, then energy transferred 
to the fireball is If ^ V L v p - 10 HH erg. Such, a burst undoubtly 
can be detected if the collapse occurs in our Galaxy. To make the 
star opaque for X-ray radiation, the mass loss M driven by the stel- 
lar wind must be rather large.. The column density X at.^the time t 
due to mass loss M and gas velocity v= (^t^e.^t/p.)’ ,|,2 ' is Mt/U-rRCR +vt) 

Even; for supe redding ton regime L ~ 10 Lead / 8 / M= 2 .xo 18 g/ s 

and the column density at t — * 00 , X ^ = 6 g/ cm , is less than 

critical value X c ^ 30 g/ cm’ 5 " . 
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ABSTRACT 


82 gamma ray bursts were detected between 1978 September 14 and 1980 
February 13 by the experiments of the interplanetary network (Prognoz 7, 
Venera 11 and 12 SIGNE experments. Pioneer Venus Orbiter, International 
Sun-Earth Explorer 3, Helios 2, and Vela). 65 of these events have been 
localized to annuli or error boxes by the the method of arrival time 
analysis. The distribution of sources is consistent with isotropy, and 
there is no statistically convincing evidence for the detection of more 
than one burst from any source position. The localizations are compared 
with those of two previous catalogs. 


1. In troduction. In a previous catalog (Klebesadel et al., 1982), 
localization and earth crossing tine data were presented for 111 gamma 
ray burets which occurred between 1967 July and 1979 June. In it, 
information on events occurring between 1978 September 14 and 1979 June 
13 was obtained from the data base of the interplanetary network. A 
final analysis of the localization, time history, and earth crossing 
time data from this network has now been completed (Atteia et al., 

1985), and a brief summary of the localizations will be given here. 

Since the data of the KONUS experiments (Mazets et al., cover the 

same time period, comparisons will be made with both the KONUS catalog 
and that of Klebesadel et al. (1982). 


2. Chara cteristics of the Network. The network comprises oyer 30 
separate detectors, with different sensitivities and geometries. As a 
whole, however, the response of the network was Jsotropic, and the 
weakest burst detected had a fluence of 3 x 10*7. erg/cm . One of 
the criteria for acceptance in this catalog was that an event be 
detected by instruments on at least two different spacecraft. 
Confirmation of candidate events was therefore sought not only in the 
data base of the interplanetary network, but also those of the HEAO 
A-l and C-l experiments, and m the published data from the KONUS 
experiments. Wherever practical and feasible, these data were used 
complete or refine the localizations, as explained in detail in Atteia 
et al. (1985). 


3. Comparison of Three Catalogs. Table 1 compares the numbers of 
events and localizations in the catalogs of Klebesadel et al. (1982) and 
Mazets et al. (1981) with those of this catalog. If the 3<r 
error box sizes are considered, it is evident that the present catalog 
represents an improvement of a factor of 5-10. A more qualitative 
impression may be obtained by considering Figures 1, 2, and 3, which 
display the localizations of the three catalogs in galactic coordinates. 


4. SDatial Distribution. A subset of 47 bursts localized in this 
catalog has been used to study the spatial distribution of bursters in 
galactic coordinates. The selection criteria for these events is 
discussed in Atteia et al. (1985). This study is limited, for 
statistical reasons, to a consideration of possible north-south 
asymmetries. Such an asymmetry is present in the data of the KONUS 
catalog, which detected 40 events in the south galactic hemisphere, and 
20 in the north. The possible causes have been discussed in Laros et 
al. (1982 and 1983) and in Nazets and Golenetskii <1982). In the 
present catalog, 24 events have been found to lie in the north galactic 
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hemisphere, and 23 in the south. Thus the data are consistent with the 
hypothesis that bursters are distributed isotropically and that the 
network had an isotropic response. On the other hand, the KONUS data 
are inconsistent with the hypothesis that bursters are distributed 
isotropically and that the KONUS experiment has an isotropic response 
(probability <0.01). It is, however, possible to choose a slightly 
anisotropic distribution (42* of the bursters in the north hemisphere, 
58* in the south) which agrees with both data sets with probability 
> 0 . 1 . 


Although a large number of overlapping error regions may be found 
in this catalog, the number is roughly in agreement with that which 
would be predicted on the basis of purely random coincidences. Thus it 
seems quite likely that no cases were detected in which more than one 
burst was emitted from a single source. This is discussed further in 
paper OG1.2-5, and in Atteia et al. (1985). 

Figure 4 displays the distribution of 86 gamma ray bursts. 84 of 
them have been taken from the 3 catalogs cited above, and two from Katoh 
et al. (1984) and Hueter (1984). Figure 5 shows the latitude 
distribution of these localizations, as well as that expected if the 
distribution is isotropic. Caution should be exercised in interpreting 
these two figures, as no attempt has been made to correct them for 

B ossible selection effects (e.g. Laros et al., 1982 and 1983; Mazets and 
olenetskii, 1982). 


TABLE 1. COMPARISONS OF 3 GAMMA RAY BURST CATALOGS 


Klebesadel 
et al. 1982 

Total No. 

of Events 1 1 1 

Mazets et 
al. 1981 

143 

This 

Catalog 

81 

Total No. 
of Localizations 

62 

80 

65 

% Sky Covered by 
Localizations 

78(3<r) 

46(l<r> 

9<3<r> 

Average No. of 
Arcmin^/Locnlization 

1.2xl0& 

8.5x105 

2.1x105 

No. of Events in 
Common with 
Klebesadel et al. 

.... 

33 

38 

No, of Events in 
Common with 
This Catalog 


68 



No. of Events Which All 3 Catalogs Have in Common: 33 
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Fig. 1. The 62 localizations of Kiebesadel et al. (1982) in galactic 
coordinates. 78% of the sky is covered by these 3cr regions. 



Fig. 2. The 80 localizations of Mazets et al. (1981) in galactic 
coordinates. 46% of the sky is covered by these lcr regions. 
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Fig. 3. The 65 localizations of Atteia et al. (1985) in galactic 
coordinates. 9 x of the sky is covered by these 3<r regions. 
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GAMMA RAY BURST SIZE-FREQUENCY DISTRIBUTIONS: 
SPECTRAL SELECTION EFFECTS 

James C. Higdon 

Jet Propulsion Laboratory, California Institute of Technology 
Pasadena, CA 91109 USA 
and 

Richard E. Lingenfelter 

Center for Astrophysics & Space Sciences, Univ. of California, San Diego 
La Jolla, CA 92093 USA 

ABSTRACT 

We have investigated the effects of spectral variation on the detection of gamma ray 
bursts. We find that selection biases resulting from these effects can account for the 
reported deviation of the observed size-frequency distribution in peak energy flux 
from that expected for a simple uniform distribution of sources. Thus these obser- 
vations as yet provide no clear evidence for structure in the burst source distribu- 
tion. We also show that because of selection biases the intrinsic average tempera- 
ture of the bursts is much harder (kT ~ MeV) than the observed average (~ 
200 KeV). 


INTRODUCTION 

Size-frequency distributions of gamma ray bursts, i.e. the number of bursts greater than 
some fluence or some peak energy flux as a function of fluence or flux, have been extensively 
studied 1 in an attempt to determine the spacial distribution of the burst sources. Of particular 
interest is the flattening at low fluxes and fluences of the observed size-frequency distributions 
below that of a simple -3/2 power-law in flux or fluence expected from a uniform source distri- 
bution. This flattening has been generally interpreted as evidence for a spacially limited source 
distribution that is confined to the galactic disk or halo. 

Such an interpretation, however, is inconsistent with the distribution of measured 2 burst 
positions on the sky, which fail to show any anistropy even at low fluences. 

We have recently shown, 3 moreover, that the flattening of the fluence distributions at low 
fluence can, in fact, result solely from observational selection effects due to variations in burst 
duration. We now show here that the flattening of the peak energy flux distribution is also the 
result of observational selection effects, due, in this case, to variations in the energy spectra of 
the bursts. 


BURST IDENTIFICATION 

To understand the selection effects, we must briefly review how gamma ray bursts are 
identified. The identification depends on the detection of a burst signal above the instrumental 
background, usually in two or more detectors so as to exclude local phenomena. 

The possibility of distinguishing between a gamma ray burst and a random fluctuation in 
the detector background depends on the signal-to-noise ratio of the event in the detector— the 
greater this ratio, the greater the probability that the event is not a random background fluctua- 
tion. The signal of an event is the number of photons measured or counted above the mean 
detector background in some energy band, AE. For an event of duration, t d , the number of 
counts in a possible no- fluctuation in the background is n(Bt d ) % , with a mean background 
counting rate B, assuming Poisson statistics. The number of photons detected in an energy 
range E to E + AE depends on the burst intensity 0 (E,t) as a function of energy and time as 
well as the detector characteristics: area, A; integration time t f ; and efficiency, e, assumed for 
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simplicity to be a constant over the energy range AE. Thus the number of photons detected in 
the energy range AE in a time t, is 

E+AE l o +t i 

Ae J dE f dt<ME,t) = Ae<0>t ( AE (1) 

E l 0 

where <<f)> is the mean intensity of the burst during time t|. A signal-to-noise ratio of n thus 
requires that 

n= Ae<^>t i AE/(Bt i ) ,/i . (2) 

The limiting burst fluence, S 0 , greater than some energy, E 0 , that a detector system can 
measure to a statistical significance of no- is 

S 0 = ne(Bt d )*/eA, (3) 

where the effective photon energy 

°o E+AE 

€ =|V(E)EdE/ J <*>(E)dE. (4) 

Similarly the limiting peak energy flux, P 0 , that can be measured in an integration time tj, 
shorter than the duration t d , is 

P 0 = n€(B/tj)*/eA. (5) 

Thus the fluence threshold increases with increasing spectral hardness and duration of the 
bursts, while the peak energy flux threshold increases only with spectral hardness. These are 
unavoidable selection biases against harder spectra and longer duration bursts that must be con- 
sidered when interpreting not only the size frequency distributions but the observed distribu- 
tions of spectra and durations which can be strongly biased as well. 

These selection effects are a, general problem affecting all burst detectors. But in the dis- 
cussion that follows we confine our analysis to Venera data because it is not only the most 
extensive data set, but also the only one for which sufficient information has been pub- 
lished 2,4 ’ 5,6 to permit an analysis. 


SPECTRAL EFFECTS 

To investigate the spectral variation biases on the peak energy flux distribution, we calcu- 
late the limiting peak energy flux, P 0 , from equations (4) and (5) using energy spectra $ (E) of 
the form E -1 exp(-E/T) which Mazets et al. 6 used to fit the observed spectra. They found a 
range of effective temperatures T with a distribution shown by the data in Figure 1 . The intrin- 
sic temperature distribution of the sources differs from this, however, because of spectral 
biases. But if we assume an intrinsic temperature distribution, n(T), we can then calculate the 
distributions of both T and peak flux for observed bursts expected from a uniform spacial dis- 
tribution of such sources. Specifically the expected peak flux distribution 

oo 

N(>P) = /n(T)f(P)dT, (6) 

0 

where f(P)=CP 0 (T)~ 3/2 for P<P 0 (T) and f(P)=CP“ 3/2 for P>P 0 (T). The normalization con- 
stant C is determined by comparison with the observed distribution of N(>P) measured by 
Mazets et al. 2 (Figure 2). Similarly the expected distribution of observed temperatures 

T+AT oo 

N(T)AT = J n (T) P 0 (T)~ 3/ 2 dT/ J n (T) P 0 (Tr 3/ 2 dT. (7) 

T V 

Here we have assumed that n(T) has the form exp(-T/T 0 ), shown by dashed lines in Fig- 
ure 1 , in order to calculate the expected flux and temperature distributions to be observed from 
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a uniform spacial distribution. 

Comparisons of these calculated distributions for various values of T 0 with the observed 
distributions of Mazets et al. 6 gave a best fit to both distributions for an effective temperature 
T 0 =l.l MeV, shown by the solid lines in Figures 1 and 2. 



Fig. 1. Distribution of burst temperatures observed by Mazets et al. 6 , compared 
with the calculated distribution (equation (7), solid line) expected from the assumed 
intrinsic distribution n(T) (dashed line arbitrarily normalized), showing the strong 
selection bias against bursts with harder spectra. 

SUMMARY 

As can be seen, such a simple distribution of burst spectra can account for both the 
observed distribution of effective burst temperatures and for the observed flattening of the peak 
energy flux distribution. In particular these calculations show that the observed N(>P) vs P 
distribution is quite consistent with a uniform spacial distribution of sources, since the flatten- 
ing at low fluxes can be due entirely to spectral selection effects. Moreover, the observed dis- 
tribution of effective burst temperatures is also strongly biased by selection effects, such that 
the mean temperature (—200 KeV) of the observed bursts is almost an order of magnitude 
lower than the intrinsic mean temperature (—1 MeV), as can also be seen in Figure 1. Thus 
gamma ray bursts are truly gamma ray, not hard X-ray, phenomena with the bulk of their 
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emitted power at MeV energies, an order of magnitude above that of typical detector triggers. 
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Fig. 2. Size-frequency distribution of peak energy flux, N(>P) vs P, for bursts ob- 
served by Mazets et al. 2 , compared with that expected (solid curve) from a uniform 
distribution of sources with the intrinsic temperature distribution shown in Figure 1. 

As can be seen spectral selection biases can account for the observed deviation from 
a simple -3/2 power law distribution. 
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THE EFFECT OF ANISOTROPIC EMISSION ON THE 
LOG N-LOG S CURVE OF GAMMA-RAY BURSTS 

G. Pizzichini 
Istituto TESRE/CNR 
Via de* Castagnoli 1 
40126 Bologna, Italy 

ABSTRACT 

Some models for Gamma-Ray Burst spectra result in 
anisotropic emission. We consider here the effects of 
anisotropy on the log N-log S curve. 


1. Introduction . Several authors have recently proposed anisotropic 
emission mechanisms for Gamma-Ray Bursts. Synchrotron emissivity (1) is 
maximum when the angle between the observer and the average magnetic 
field direction is 9 = tt/2, while y-y pair production and annihilation 
(2) and the more complex model of Hameury et al. (3) have maximum 
emissivity for 6=0. 

Assuming a random distribution for the direction of maximum emissivity of 
a Gamma-Ray Burst, we have computed the effects of anisotropy on the two 
log N-log S curves given by Jennings (ref. (4) , fig. 8) for halo models. 
The fact that these two curves already take into account an intrinsic 
luminosity distribution for the events is not in conflict with 
considering a further dependence of the observed burst intensity on the 
angle between the observer and, for example, the magnetic field axis. 

2. Method and results . We define as "original" the log N-log S curve that 
we would obtain if we could observe all events in the direction of 
maximum emissivity, and "averaged" the log N-log S which results from 
taking into account anisotropic emission. We also define as "original" 
and "apparent" the burst intensity in the direction of maximum emissivity 
and in the direction of the observer, respectively. Then the "averaged" 
log N-log S curve for an apparent burst intensity S is the weighted mean 
over all angles between 0 and tt/2 of the "original" log N-log S curve, 
computed, for each angle, at the "original" intensity which will, at that 
angle, produce an apparent intensity S in the direction of the observer. 
In our case, the weight is simply sin 0 . More details and the results 
obtained using a very simple log N-log S function are given in ref. (5) . 

As already stated, we have used as "original" log N-log S the curves 
given for halo models in fig. 8 of ref. (4) and the angular dependence 
for emissivity of refs. (1) , (2) and (3) . The results are given in figs. 

1 and ^2. The "averaged" log N-log S curve has not been renormalized at S 
= 10 ergs cm in order to show the decrease in number of observed 
events per year due to anisotropic emission. The fact that all events at 
0>tt/2, with the possible exception of a few just beyond 0 = tt/2, would 
not be observed, will further lower the averaged curves by a factor of - 

2 (not included here) . 

As it might be expected, in all cases the "averaged" log N-log S 
curve is lower and smoother than the original one, but only the "aver- 
aged" log N-log S curve obtained using the model of Hameury et al. (3) 
differs sensibly from the corresponding "original" curve in the normali- 
zation and, in fig. 2, also in the shape. 

In fact, the angular dependence of the emerging flux calculated by 
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Carrigan and Katz for y-y pair production and annihilation is not 
strongly collimated, while the maximum emissivity of synchrotron 
radiation is at 0 = ir/2, which also has the highest weight in the 
average. On the contrary, the emissivity in the model of Hameury et al. 
is strongly peaked at 0 =0, where the weight goes to zero. We also note 
that in fig. 2 the "averaged” log N-log S for this model is much 
straighter than the "original" curve. In order to fit the experimental 
data well with the "averaged" curve, we would have to use an "original" 
log N-log S which is bent more and is bent at a higher burst intensity. 



Fig. 1 Solid line: "original" log N-log S curve from ref. (4) fig. 8, 

halo model with a = -1.0, £ = 6xl0~ . 

Dot-dashed line: corresponding "averaged" log N-log S curve for 
angular dependence of 2 the emissivity derived from either ref. (2) 
or ref. (1) with v T between 2 and 200. They are practically 
superimposed. 

Dashed line: "averaged" log N-log S curve for the model of Hameury 
et al. (3) . 
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Fig. 2 Same as fig. 1, 


but with a = -0.5 and T) = 7x10 


-4 
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ABSTRACT 

The burster repetition rate is an important parameter in many gamma ray 
burst models. The localizations of the interplanetary network, which 
have a relatively small combined surface area, may be used to estimate 
the average repetition rate. The method consists of 1) estimating the 
number of random overlaps between error boxes expected in the catalog 
and comparing this number to that actually observed, 2) modeling the 
response of the detectors in the network, so that the probability of 
detecting a burst can be estimated, and 3) simulating the arrival of 
bursts at the network assuming that burster repetition is governed by a 
Poisson process. The application of this method for many different 
burster luminosity functions shows that 1) the lower limit to the 
burster repetition rate depends strongly upon the assumed luminosity 
function, 2) the best lower limit to the repetition period obtainable 
fro* the data of the network is about 100 months, and 3) that a 
luminosity function for all bursters similar to that of the 1979 Mar 5 
burster is inconsistent with the data. 


JLt Introduction. The time between successive gamma ray bursts fro* a 
single source is a parameter which can in principle be used to 
distinguish between theoretical models of bursters. To date, only two 
cases of repeating bursts have been found: 3 soft gamma ray bursts were 
observed fro* one source (Mazets, et al., 1979) and a total of 16 bursts 
have been observed fro* the 1979 Mar 5 source <Golenetskii et al., 

1984). None of the events fro* the former, nor any of the repeating 
events fro* the latter, was found in the data used to compile the 2nd 
catalog of the interplanetary network (Atteia et al., 1985). The soft 
spectra of these repeating bursts, and the exceptional features of the 
1979 Mar 5 burster suggest that these recurrences may be unrelated to 
the question of hard gamma ray burst repetition in general. Hence an 
effort has been made to examine the data of the 2nd interplanetary 
network catalog for evidence of burster repetition. 

As might be expected considering the sizes and shapes of the 
localizations in the 2nd catalog, a number of overlapping error regions 
were found: 2 error box/error box overlaps, 27 annulus/error box 
overlaps, 2 annulus/annulus/error box overlaps, and 8 
annulus/annulus/annulua overlaps. However, a rough calculation 
indicates that the number of overlapping regions is very close to that 
which would be expected fro* a random distribution. We adopt the 
hypothesis that no repeaters were detected in these data, and proceed to 
estimate the lower limits which can be placed on the recurrence time 
scale. It is of course possible that several cases of burster 
recurrence are present in these data, and that we have incorrectly 
identified them as •‘random" overlaps. However, as long as there are no 
more than 2 or 3 such cases, this will not change the upper limits 
substantially. 


2, A Model in g Procedure The 9 experiments used for this study 

(Prognoz 7, Venera 11 and 12 including both the SIGNS and KONUS 

detectors. Pioneer Venus Or biter, Helios 2, International Sun-Earth 
Explorer 3, and Vela) had a wide range of geometries, sensitivities, and 
operating timetables, which must be taken into account in any model. 

Here, we have assumed a) isotropic response for the network as a whole, 
b) a step function probability for burst detection as a function of 
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fluence, with different threshold fluencea (between 3x1 0~ 7 end 
3x1 0~& erg/cm 2 ) for each instrument , and c) a time averaged 
detection probability which is different for each instrument, and taken 
to be constant. All of these assumptions are simplifications, but the 
parameters used to model the detector responses are found by a 
semi-empirical procedure which results in a good agreement between the 
model and the data; more details may be found in Atteia et al. (1985). 

A Monte-Carlo program was used to simulate the arrival of bursts 
at the instruments and their subsequent detection or non-detection. The 
following assumptions were made. 

1) Bursts from a single source are produced randomly in time, with a 
mean number of events r per unit time, so that the probability of a time 
interval in the range t to t+dt for 2 bursts from the same source is 
dPt=r exp(-rt) dt. Ail bursters are considered to be described by the 
same parameter r. 

2) Following Jennings (1982), the integral luminosity function for 
bursts from a single source follows a power law; i.e., the number of 
bursts with luminosities >L is proportional to L*. All 

bursters are described by the same parameter <x in this model. 

3) The fluences of repeating bursts from a single source extend over a 
dynamic range 5 (-lowest fluence/highest fluence). The highest 
fluence has generally been taken to be 2x1 0~4 erg/cm 2 . The lowest 
fluence may extend below the threshold sensitivity of the instruments, 
resulting in undetectable bursts. 

3. Results From the above description, it is easy to see that the 
lower limit to the recurrence time deduced from the data may depend 
strongly upon the luminosity function chosen: a function which places 
many of the repeating bursts below the instrumental threshold will 
obviously result in the detection of few bursts from any given source, 
and the lower limit estimated for the recurrence time will be small. 

This is seen in Figure 1, which displays the 3<r lower limit to 

the recurrence time as a function of the power law index « and 
the dynamic range 5. Arbitrarily small values of the recurrence 
time may be obtained by assuming small values of 5 and/or 
oc. However, a maximum of about 100 mo. is obtained by assuming 
values of oc and 5 such that all bursts from all sources 
are above the instrumental threshold. 

A special case is worth mentioning. The data on the 16 bursts 
from the 1979 Mar 5 source (Golenetskii et al., 1984) give a luminosity 
function with ot=-0.5, dynamic range 5*0.00033, and a 

recurrence time of 1.4 mos. after correcting for the observation and 
data recovery periods. If all bursters were described by this 
luminosity function, and again had a maximum fluence of 2x1 0~ 4 
erg/cm 2 , the Monte-Carlo procedure predicts that about 18 recurrences 
should have been detected in the data base of the 2nd catalog; the 
probability of detecting no recurrence is about 10~®, and we conclude 
that Mar 5-type recurrence does not describe the bursters observed here. 

Schaefer and Cline (1985) have also studied the burster repetition 
question, using a similar approach to the one outlined here, but a 
different data base. Generally speaking, their conclusions are in 
agreement with ours. Two exceptions should be noted, however. They 
find that a 10 year recurrence time is consistent with their data for 
monoluminosity bursts. Here, we have shown that even luminosity 
functions with a wide dynamic range are consistent with about the same 
recurrence time. Second, a Mar 5-type luminosity function would be 
consistent with the data of Schaefer and Cline, but is quite 
inconsistent with ours. The essential difference in the two data seta 
appears to be in the probability of detection and localization of 
bursts: Schaefer and Cline have used much of the older data, from 
periods when the number and sensitivities of the instruments were 
smaller than those of the 2nd catalog. Thus the data used in the 
present study provide slightly stronger constraints on burster 
repetition. 
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Fig. 1. Lower limit to burster recurrence period as a function of 
luminosity law index. Dynamic ranges of 0.0001 to 0.1 have been 
assumed, with a maximum burst fluence of 2xl0“4. 
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ABSTRACT 

A phenomenology for gamma ray burst time histories is 
outlined. Order of their generally chaotic appearance is 
attempted, based on the speculation that any one burst event 
can be represented above 150 keV as a superposition of 
similarly shaped increases of varying intensity. The 
increases can generally overlap, however, confusing the 
picture, but a given event must at least exhibit its own 
limiting characteristic rise and decay times if the 
measurements are made with instruments having adequate 
temporal resolution. Most catalogued observations may be of 
doubtful or marginal utility to test this hypothesis, but 
some time histories from Helios-2, Pioneer Venus Orbiter and 
other instruments having one-to several-millisecond 
capabilities appear to provide consistency. Also, recent 
studies of temporally resolved Solar Maximum Mission burst 
energy spectra are entirely compatible with this picture. 

The phenomenology suggested here, if correct, may assist as 
an analytic tool for modelling of burst processes and 
possibly in the definition of burst source populations. 

1. Introduction. The gamma ray burst phenomenon continues to be a 
fascinating and unsolved puzzle. Although clues exist that point to a 
mechanism or to mechanisms with neutron-star origin, it has become clear 
that measurements resulting from a new generation of instruments will be 
necessary to resolve the apparent contradictions that result from the 
limitations of the existing data. Source fields contain no identifiable 
source objects*, although they have been found to contain archived 
optical transients. All attempts to study the event size spectrum show 
deficiencies in the number of smaller events relative to the expected 
-1.5-index power law, yet there is no source distribution directional 
anisotropy that must accompany a real departure from that spectral 
form. Characterizations of the spectral and temporal qualities of 
individual burst events are best described as instrumental ly subjective, 
yet, burst event spectra can be obligingly fitted to almost any 
theoretically conjectured fancy. 

Resoluton of these issues awaits the era of results from the high- 
sensitivity burst monitor and from the improved-resolution burst 
spectrometer on the Gamma Ray Observatory, from the next interplanetary 
burst sensor network incorporating Solar Polar Mission, and from the 
real-time optical transient telescopes. Meanwhile, scrutiny of the 
existing storehouse of data leads-one to speculate as to the possibility 
that not all its clues may be exhausted. 

* Considerations of the 1979 March 5 event are excluded from these 
generalizations. 
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2. Overview . Gamma ray burst time histories are sufficiently diverse 

and chaotic in character as to exhibit few, perhaps no, redeeming 
features*. Although occasional quasi-periodicities can be inferred or 
imagined, the evidence remains as essentially consistent with overall 
randomicity: i.e., the supposed periodicities are rare enough as to be 

a necessity of chance. Whether another characterizing aspect of time 
histories (such as number of peaks, clustering of, or intervals between 
spikes) can be investigated as a research tool appears equally 
unpromising. Since the data have not been subjected to this sort of 
analysis, the possibility should not be discounted; X-ray shot noise 
from a black-hole-candidate source is a possible analog. 

Characterizing burst time histories either as brief (or of a 
single-spike nature) or as lengthy (or of a complex or compound nature) 
is a temptation many of us could not resist (1,2, 3, 4). Whether any such 
separation into two populations is a valid concept or is merely a 
semantic device remains to be seen. It is, of course, not inconsistent 
with the speculation put forth here, that complex bursts may be 
characterized as a superposition of a similarly shaped, or prototypical, 
single spikes. One detector, on the International Sun-Earth Explorer 3, 
happened to respond preferentially to fast, spike-like events (4), 
strengthening the argument that single-spike events exist as a 
separately identifiable population. However, it is pointed out in a 
recent study of the Toulouse data from the Venera spacecraft (5), that 
brief (or rapidly rising, or singly peaked events), may simply be the 
tips of the iceberg of an entirely random pattern of event shapes, 
buried in the various instrumental backgrounds. Taken as a separate 
group, brief gamma ray bursts were found, in that study, to have rise 
times and decay times each varying over several orders of magnitude. 

The ratios of rise time to decay time per event were found, however, to 
vary smoothly and by less than 1 order of magnitude, such as to indicate 
the hint of a relationship, rather than a random scatter. If this is 
more than a selection effect, it leads naturally into the suggestion 
that complex events may be constructed of a multiplicity of single 
spikes that can, in turn, be speculated to have the same shape per 
event. 

3. Background . A proper study of burst time histories can be made only 
with observations having continuous high temporal resolution. The early 
Vela measurements were made with instrumentation having a geometrically 
expanding time base, thus indicating only that event shapes varied 
dramatically and often possessed fine time structures at least at the 
onset. Data collected in the mid-1970's with instruments such as 
Helios-2 indicated that indeed fine time structure could persist 
throughout burst events. The Los Alamos observations from Solrad-llA 
and 1 IB (6) showed continuing structure in one event on time bases down 
to about 10 msec and yet indicated that continuing structure in another 
extended event did not exist on a similar time base, thus fitting a 
structure cutoff on a qualitatively longer time scale. The instrument 
sensitivity was insufficient to have found structures much finer than 10 
msec, however, leaving the question open as to whether the more rapidly 
varying event also possessed a temporal cutoff. These results also lead 
quite naturally to the suggestion that all burst events have perhaps not 
only a limiting time scale but, in fact, a generally characteristic 
fluctuation time near that limit. 
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Finally, the 1979 March 5 
event provided the first and only 
evidence for intensity variations 
in the sub-millisecond region 

(7) . As mentioned earlier*, this 
event is the exception to all the 
rules. The relevance here of its 
(faster than 0.2 msec) intensity 
risetime is that, with the 
temporal resolution of I SEE-3 , 

PVO, Helios-2 and similar 
instrumentation, it is clear that 
other equally intense events do 
not possess such fast features. 
Thus, burst events may always show 
fluctuation scale cutoffs, given 
sufficiently sensitive detectors. 
This also supports the concept of 
a characteristic fluctuation time 
per event. 

4. Spectral Implication . 
Deciphering the spectra of gamma 
ray bursts is a most difficult 
task, since the spectra appear to 
fluctuate as rapidly as counts can 
be accumulated. The no-doubt most 
reliable current measurements, 
from the Solar Maximum Mission 

(8) , however, indicate the 
following. Given the isolation of 
a single counting rate increase, 
its spectral hardness is maximized 
during the portion of rising 
intensity, rather than at the 
peak. The higher energy features 
fluctuate more rapidly than the 
lower, thus indicating a spectral 
softening with time per increase. 
Finally, the spectra of complex 
intensity variations are not like 
those at single-peak intensity 
rise or decay. All this supports 
the picture suggested here, that 
intensity fluctuations might be 

a superposition of prototypes, 
each with approximately the same 
shape and, most likely, with 
similar spectral evolution. 


Fig. 1. Three features in the 
1978 Nov. 19 event (7) 
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5. Discussion . Given the reasonability of the hypothesis that a 
complex burst event is made of a clustering of prototypes, the question 
of the similarity of the (event-peculiar) prototypes remains. Figure 1 
illustrates the narrowest and most intense single fluctuations that had 
been selected for interplanetary timing purposes from the complex time 
history of the 1978 November 19 event (9). In all, the results from 7 
different instruments are consistent, within statistics, with similar 
temporal behavior. Since these m 0.12 second wide peaks are the fastest 
clearly resolved fluctuations in that 20-second event, one can speculate 
that this shape can be identified as prototypical for that event. The 
1978 November 19 burst, however, is one of the very most intense on 
record. Presently collected data probably do not permit the 
identification of event-peculiar prototype shapes for very many complex 
events. A detailed exploration of the utility of this concept may 
require observations of the quality that will not exist before the 
launch of the Gamma Ray Observatory (10,11). 

6. Conclusion . It is speculated that any gamma ray burst can be 
usefully pictured as having a temporal structure that is made of super- 
positions of simple increases of a prototypical shape; these peaks have 
similar rise times, decay times, and spectral evolution within that 
event. The family of prototypical shape parameters may continue on to 
the existing (5), single-peak parameter plot. The concept suggested 
here may assist in the modelling of burst processes. This pheno- 
menology, if borne out in future data analyses, may also provide some 
way to delineate burst populations. Finally, it may be possible to 
statistically define the peak prototypical intensity in each complex 
event, thus replacing the measured peak intensity as a parameter for 
size spectral analyses. 
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Gamma-Ray Burst Variability Above 4 MeV 
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1. Introduction * We explore the relationship between the hard X-ray and 
gamma-ray emissions during four bursts using the anti-coincidence shields 
of the High Energy Astronomy Observatory 3 (HEAO 3) Gamma-Ray Spectromet- 
er. Recent observations of gamma-ray bursts by the Solar Maximum Mission 
Gamma-Ray Spectrometer (GRS) have shown that high energy emission above 
1 MeV is a common and energetically important feature (Matz et al. 1985). 
Time histories of four gamma-ray bursts in 3 energy bands (>100 keV, 
around 511 keV, and >4 MeV) with 10.24 s resolution show that the >4 MeV 
flux is only weakly coupled to the spectrum below ~ 600 keV. 

2. Instrumentation. The HEAO 3 detections were made using the Csl anti- 
coincidence shield which is a right cylinder in five independent segments 
(see Mahoney et al. 1980 for a complete description). The spectrometer 
aperture is defined by the disclike collimator shield while the remaining 
well is equally divided into four segments. The crystal is 6. 62 cm thick 
with a roughly isotropic response, and approximately 1000 cni effective 
area (~ 600 cm^ at 4 MeV) in directions not blocked by the Earth or 
spacecraft structure. Events are accumulated for each shield piece in 
three energy bands, a lower level discriminator (LLD) above 100 keV every 
1.28s, a 150 keV window (WIN) centered at 511 keV every 10.24 s and an 
upper level discriminator (ULD) above 4 MeV every 10.24 s. Also, the 
logical sum of the LLD and logical sum of the ULD are accumulated in 
separate OR’D LLD and ULD rates. 

3. Observations. We selected the bursts of 1980 13 FEB, 19 APR, 2 JUN, 
and 20 DEC which were four of the most intense bursts detected by HEAO 
3. All four bursts were also detected by the Pioneer Venus Orbiter and 
the last three were also detected above 5 MeV by the GRS (Share et al. 
1982, Share et al. 1981, Nolan et al. 1984). The rates shown in Figure 
1 are uncorrected for any instrumental effects. The best HEAO 3 shield 
time resolution of 1.28 s is shown by the OR'D LLD rate as well as its 
10.24 s average. In the lowest panel for each burst a 10.24 s average 
of the LLD rate and the WIN rate are shown for the side shield closest 
to the burst direction. The relative shield rates indicate that all 
four bursts were located in the forward 2n steradians facilitating 
comparisons between the bursts. 

In Table 1 we give three numbers for each 10.24 s interval indicated 
at the top of Figure 1. The LLD rate is the sura of 10.24 s averages of 
the above background burst LLD rate in the collimator shield and the two 
side shields which subtend the direct burst flux. In the next column we 
show the ratio of this summed LLD rate to a similarly formed WIN rate. 
The next column gives the approximate variance of this ratio. The error 
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is almost entirely due to large non-Poisson fluctuations in the background 
(also discussed in Wheaton et al 1982). A smaller ratio crudely indicates 
a harder spectrum below ~ 600 keV. The LLD/ULD ratio using the OR'D rates 
is a measure of the gamma-ray hardness followed by the percent error in 
the ULD rate. 

4. Results. Both the LLD/WIN ratio in Table 1 and the bottom panel of 
1 show that the LLD and WIN rates track each other closely through- 
out any given burst. Also, for each burst the interval with the high- 
est LLD rate has a hard LLD/WIN ratio. This effect is particularly 
pronounced for 20 DEC during interval 2 and for 2 JUN during interval 3 
(low LLD and soft LLD/WIN). The only significant exception is interval 
1 for 2 JUN which is harder than interval 2 which has a higher LLD rate. 
However, the 1.28 s time history shows an intense spike during the 
first 10.24 s interval. Comparing bursts, three of the bursts have 
LLD/WIN ratios clustered from ~ 7-8.5 but the 2 JUN burst is clearly the 
softest overall below ~ 600 keV and its interval 3 is the softest 
interval overall. 

At first glance the LLD/ULD ratio seems much more variable, however 
we must assess the importance of the poorer signal-to-noise ratio in the 
ULD. Examining the burst of 13 FEB in Figure 1 and Table 1, there is a 
large ULD spike in interval 1 and a LLD/ULD ratio of 70. Interval 2 is 
as impulsive in the 1.28 s LLD rate as interval 1, but with a little more 
than half the LLD and WIN intensity. But, the ULD rate does not show any 
significant increase over background. Summing the OR'D ULD and OR'D LLD 
rates over all of the 13 intervals (except interval 4 for 13 FEB) obtains 
an overall LLD/ULD ratio of 135. We use that ratio to compute a reduced 
chi-squared statistic from 

v 2 _ _L y (ULD, - LLD, (EULD/ZLLD)) 2 . 



is the ULD variance for each interval with a LLD rate. Thus, xf? = 
7.5. Using a similar technique over the 13 FEB burst we obtain an average 
LLD/ULD of 122 and x^ = 8.8. The large value of the reduced chi- 
square statistic clearly shows a large variability in the gamma-ray to 
hard X-ray ratio within a burst and from burst to burst. Note that the 
19 APR burst is the hardest burst overall in the MeV range. 

The spectral hardness in the below 600 keV range is not directly re- 
lated to the burst intensity above 4 MeV. The 19 APR burst has the hard- 
est LLD/ULD ratio of 43 and a median LLD/WIN ratio of 8.4. In contrast 
interval 2 of 20 DEC has the hardest LLD/WIN ratio of 6.8 but its LLD/ULD 
ratio is 220 ± 50 which is the softest interval having a significant 
ULD flux. 

5. Conclusions . Over the 10.24 s intervals used here, the highest rates 
over 4 MeV occur during the highest rates above 100 keV. However, 
throughout a given burst the > 4 MeV flux is not a constant fraction of 
the >100 keV flux. Also, spectral hardness below 600 keV is not a reliable 
indicator of gamma-ray hardness. Finally, the below 600 keV hardness cor- 
relates with the >100 keV intensity, although hardness within a burst 
changes less than from burst to burst. 
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TABLE I 


Net Burst Rates 


Burst 

Interval 

LLD 

W 1 711 1 IB 

a 

HfflSHgBIlM 

■MBiwaa 

13 FEB 

1 

21500 

7.7 

a 

70 

10% 


2 

11200 

7.6 

.i 

>200 

- 


3 

A 

7000 

8.0 

.2 

160 

70% 


4 

5 

10900 

8.1 

.1 

190 

45% 


6 

9600 

8.4 

.1 

110 

30% 


Average 

10000 

7.7 


123 

13% 

19 APR 

i 

3900 

8.4 

.1 

43 

14% 


2 

1500 

8.4 

.2 

70 

60% 


Average 

2700 

8.4 


50 

20% 

02 JUN 

i 

4200 

10.4 

.1 

- 

— 


2 

12200 

11.1 

.05 

110 

11% 


3 

1700 

14.7 

.4 

- 

- 


Average 

6000 

11.2 


172 

20% 

20 DEC 

1 

3400 

7.8 

.1 

170 

50% 


2 

12700 

6.8 

.05 

220 

19% 


3 

3400 

8.2 

.1 

- 

- 


Average 

6500 

7.2 


253 

24% 

Table 1. 

LLD and 

LLD/WIN 

are computed 

using the 

summed rates 

of three 

shield pieces. LLD/ULD is 

obtained from 

the OR'D 

rates. 
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Figure 1. Selected rates of four bursts detected by the anti-coincidence shield. 
LLD events > 100 keV, WINDOW events within 73 keV of 311 keV, and ULD events > 4 MeV. 
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RELATIONSHIPS BETWEEN LOG N-LOG S AND CELESTIAL 
DISTRIBUTION OF GAMMA-RAY BUSRTS 

Jun Nishimura and Takamasa Yamagami 
Institute of Space and Astronautical Science 
Komaba, Meguro, Tokyo, Japan 


ABSTRACT 

We discuss the apparent conflict between log N-log S curve 
and isotropic celestial distribution of the gamma-ray 
bursts. We examined a possible selection effect due to the 
time profile of each burst, and showed the contradiction is 
due to this selection effect to the gamma-ray bursts. 

1 . INTRODUCTION 

The apparent contradiction between the isotropic latitude 
distribution and the bending of log N-log S curve of gamma- 
ray bursts has been discussed for many years. To resolve 
this contradiction, an effect of intrinsic luminosity 
distribution of the bursts (T.L. Cline and U.D.Desai: 1976), 
a large scale halo model ( M.C. Jennings: 1984) etc. have 
been suggested so far. Based on the discussion in the 
reference (J. Nishimura and T. Yamagami: 1985), we showed, in 
disk model, latitue distribution of burst sources is 
directly related to the shape of log N-log S curve without 
referring to an explicit form of intrinsic luminocity 
function of the burst source. Then, we examined a possible 
selection effect in the data of Venera 11 and 12. (E.D.Mazet 
et al: 1981,1982). After analyzing the Venera data, we 
found a selection effect is arised from the different time 
profile of each burst. The contradiction is resolved if we 
take account of this selection effect. 

2. RELATION BETWEEN LOG N-LOG S AND LATITUDE DISTRIBUTION 
OF GAMMA-RAY BURST IN THE DISK MODEL 

Based on a general discussion of disk model for the spatial 
distribution of burst sources, we show latitude 
distribution of burst sources has a one to one 
correspondence with the form of log N-log S distribtuion 
without referring to the explicit form of intrinsic 
luminosity distribution and the form of distribution of the 
burst sources in height from the disk plane. In this 
treatement , we assume that the spatial distribution of the 
burst sources is given by a form of G(Z)dZ , where Z is the 
height of the burst source position from the disk plane. No 
azimuthal asymmetry is included. The following arguments, 
however, holds even in case some azimuthal asymmetry 
exists, if we redefine G(Z) as an average over azimuthal 
angle, or a function of the azimuthal angle. 
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Also, an integral intrinsic luminosity distribution in each 
burst sources is assumed to be 
f (L/4 tt ) , 

where L is the total luminocity of a burst source. No 
dependence of the form of the intrinsic luminocity 
distribution on the position of the source is assumed here. 
Under these assumptions, we derive a simple relation between 
celestial distribution at latitude b per sterad., N1(>S,b), 
and observed frequency N(>S,b) as 

N1 ( >S ,b) = N2( S /sin 2 b )/2nsin 3 b , 

where 

N2(S) = -dSN( >S)/dS. (1 ) 

This relation does not include any explicit forms of spatial 
distribution and intrinsic luminocity function , and then 
observed log N-log S curve can be directly compared with the 
observed latitude distribution of the burst sources. Any 
effects to celestial distribution due to the spatial 
distribution of the burst sources are included in the form 
of log N-log S curve. (J.Nishimura and T.Yamagami: 1985) 

The latitude distribution derived by using eq.(1) from the 
observed log N-log S curve by Venera, PVO and others is 
shown in Fig.1. There is a large deviation from isotropic 
latitude distribution for S < 10 -5 erg/cm 2 , which contradicts 
the observed evidence of located bursts of Venera 11 and 12. 



burst sources derived by observed by Venera for 

eq(1) and log N - log S fluence S vs Peak count P, 

curve . 
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3. SELECTION EFFECT IN THE BURST OBSERVATION 

From the arguments in section 2, it is quite possible that 
the contradiction arises from a selection effect for smaller 
bursts below 10 5 erg/cm . The selection effect may arise 
from the different time profile of each burst, and we 
examine the effect by classifying the bursts according to 
their time profiles. We tentatively classify the bursts with 
respect to their time profiles as : 

VF : Single peak burst with FWMH of its peak is less 

than 1 / 4 sec. 

F : Single peak burst with FWMH betweem 1/4 to 5 sec. 

N : Sigle peak burst with FWMH of larger than 5 sec. 

S : Burst lasting for more than 1 5 sec without clear 

peak. 

MP : Burst with many spiky peaks. 

The bursts obseved by Venera 11 and 12 are plotted in Fig. 2, 
referring to their peak count, P, and the fluence S. 

Clearly two types of detection threshold are observed, 
i.e., for peak count, P, and for fluence , S, of a burst. 
These threshold values depend on the type of time profile of 
each burst. Quantitatively, the deviation from S in log N- 
log S starts at around ; 

S = 7.8x10-7 erg/cm2 for VF type 

S = 5.0x10-6 erg/ cm2 for F type 

S = 7.0x10-6 erg/cm2 for N type 

S = 4.0x10-5 erg/cm2 for S type 

S = 4.8x10-5 erg/cm2 for MP type. 

For log N-log P, the curve starts to bend at around 
P - 1 OOct/cm 2 . sec . , 

for all types of the bursts except for VF type bursts, 
which almost corresponds to the fluence of 10 6 erg/cm .sec. 
Higher thresholds of the fluence for S and MP type bursts 
are due to the detection criteria for a burst, in which a 
burst is selected by the increase of counts exceeding a 
certain value within a fixed duration. While , the 
threshold for the peak count is due to the fact that the 
burst with small fluence less than 4x1 0 -7 erg/cm 2 is not 
detected. This seriousely affects the detection of a short 
duration burst of VF type. Considering these detection 
criteria, it is better to use log N-log P instead of using 
log N-log S to see the consistency with the observed 
celestial distribution of the bursts. _ 6 

In Fig. 3, observed log N-log P curve is shown down to 10 
erg/cm .sec. by using Venera and PVO data (R.W.Klebesadel et 
al: 1985). Here we do not include VF type bursts. Slight 

deviation from P" 3,2 is observed near 10-6 erg/cm 2 .sec. 

We approximate the log N-log P in Fig. 3 as 

N ( > P ) = No/t (Po/P) (l+P/PO) 1 '' 2 ] , _ 7 

where we put No = 6240/cm 2 ,yr. and Po = 4x10 erg/cm 2 .sec. 
We then derive the latitude distribution from this log N- 
log P using eq.(1), and show them in Fig. 4. The result 
seems to be consistent with the observed latitude 
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Fig. 3. Log N - log. S curve. 

VF Type is excluded. 


Fig. 4. 


distribution. X 2 fitting with 

distribution deviding the latitude as 
|b| <90° gives the value of X 2 = 0.09 


I* <.r*/cm'»»c) 

Latitude distribut ion 
derived eq ( 1 ) and log N ~ 
log P curve. 

observed latitude 
|b| < 30° and 30° < 


4. DISCUSSIONS 


The selection effect for the gamma-ray bursts is analyzed on 
the bases of a different time profile of each burst. It is 
found that threshold for fluence depends seriousely on the 
type of each burst, but, for peak counts does not depend 
on their type except for VF type bursts. We thus use log N- 
log P instead of log N-log S and derive latitude 
distribution of burst sources. The result is consistent 
with the observed latitude distribution. 


The apparent conflict between log N-log S curve and latitude 
distribution of the burst source is resolved by considering 
the selection effect for burst observations. 
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SEARCH FOR GAMMA RAYS OF ENERGY > 10 15 eV FROM CYGNUS X-3 

Bhat, P. N., Rajeev, M. R., Ramana Murthy, P. V., Rao, 

Sinha, 5., Sreekantan, B. V., Tonwar, S. C., and Vishwanath, P. R. 

Tata Institute of Fundamental Research, Bombay 400 005, India 

Finite flux of excess radiation of energy > 10 15 eV has been reported 
by two groups! >2 from the direction of Cygnus X-3, with the characteristic 
periodicity of 4,8 hrs. Samorski and Stamm- 5 find that the muon content of 
the showers generated by this excess radiation is about 77% of that in 
normal cosmic ray showers, whereas the expectation for gamma ray showers 
is less than 10%. It is thus difficult to understand the nature of the 
radiation arriving from the direction of Cygnus X-3. Samorski and Stamm 
measured the muon densities close to the core ( 10 m), where contamina- 

tion due to other components is severe. Even though this does not explain 
the high ratio of muon densities, measurements should be carried out away 
from the core to establish the nature of the radiation. 

In order to establish the signal from Cygnus X-3 and its muon content 
with better statistical significance, we have been operating an extensive 
air shower array, specifically designed for this purpose, at Kolar Gold 
Fields (longitude: 78°. 3 E; latitude: + 12°. 95; atmospheric depth: 

920 g/cm^) since September, 1984. The details of the array and the accuracy 
of arrival direction measurements will be discussed here. 

Fig.l shows the arrangement of detectors in the array. The array 
consists of 61 plastic scintillators, each of area 1 m2, arranged in a hexa 
gonal pattern, with a spacing of 20 m between neighbouring detectors. The 
total area covered by the array is 1.66 x 10^ m2. Each scintillator is 
instrumented for pulse height as well as fast timing measurement. Pulse 
height information, obtained from 5" diameter Philips XP-2050 photomulti- 
pliers is recorded on a linear scale using two amplifiers for each detector 
with gains unity and 100, covering a dynamic range of 10^. The relative 
arrival time at each detector is measured with respect to an arbitrary time 
decided by a fast coincidence circuit, using signals from a separate 2" 
diameter RCA 8575 photomultiplier, by means of LeCroy Time-to-Digital con- 
verters with a sensitivity of 0.3 ns. The threshold in particle density for 
timing measurement, is kept at 0.3 to minimise r i se time effects. 

The air shower trigger is provided by ,a coincidence of any three 
neighbouring detectors, forming a triangle, in which the particle density 
exceeded 1.5. An on-line LSI-II microprocessor recorded the events on a 
magnetic tape and also continuously monitored all the detectors. 

The uncertainty in the arrival time measurement at single particle 
threshold was obtained from the distribution of the deviations in arrival 
times between the detector and a fast scintillator telescope kept directly 
below it. The error thus obtained is 3.5 ns. 

The error in the arrival direction of the showers is obtained in the 
following way. First, events with more than 2 n detectors with timing 
information were selected, where n is the minimum number of timing detec- 
tors accepted for final analysis. These detectors were divided into two 
groups, each with a minimum of n detectors. Events were analysed using 
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each group of detectors separately, thus obtaining two indepen- 
dent estimates of the zenith and azimuth angles, $ and <p , for each 
event. From the distribution of the relative deviations of the two 
estimates, the error in 6 and <p were found to be 1.2° and 1.8° 
respectively, for n = 8. The shower size is about 10^. 

The array also contains seven muon detectors, with minimum penetra- 
tion energy of 1; GeV, each of area 30 m2. One of them is located at the 
centre and the others at the six vertices of a hexagon of side 60 m, as 
shown in Fig.l. A schematic of the detector is shown in Fig. 2. It 
consists of two layers of 48 proportional counters each, under 600 g/cm^ 
of concrete, separated by 4 radiation lengths of brick. Each proportional 
counter is 6 m long and 10 cm x 10 cm in cross section, and is instrumented 
for pulse height measurement. The two layer configuration enables us to 
separate muons from 'punch-through's due to other components. Total area of 
the muon detectors is 210 m2. 

^The collecting power of the array is about 10 times that of the Kiel 
arrayror showers of primary energy 2 x 10-^ eV and we expect to detect 
a signal from Cygnus X-3 at the same level of significance as that 
reported by the Kiel group in a few months of operation. The array is in 
operation since September, 1984 and about 2.5 million events have been 
collected so far from within 45° of the direction of Cygnus X-3. Analysis 
is under progress and results obtained till the time of the conference 
will be presented. 
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INTRODUCTION 


A high flux of muons from the Cygnus X-3 direction has been observed in 
NUSEX experiment at depths greater than 4600 hg/cm 2 s.r. [1]. The 
excess muons show the 4.8 hour modulation in arrival time typical of this 
source . 

A study of this modulation has been done in order to find the best value 
of the period and of the period derivative. 

The muon flux underground from NUSEX and SOUDAN (1800 hg/cm 2 ) 
experiments are used to determine the energy spectrum at sea level. The 
shape and the absolute intensities are found similar to those attributed 
to "y-rays" responsible for production of air showers detected in 
direction of Cygnus X-3 in the energy range 10 1 2 - 10 1 5 eV. 

ANALYSIS OF THE PERIOD 


The phase plot of the 151 events recorded in a window 10° x 10° around 
the direction of Cygnus X-3 is shown in Fig. 1. The more recent ephemeris 
of van der Klis and Bonnet-Bidaud [2] has been used : 

T 0 = JD 2440949.8986 
p = .1996830 d 

p = 1 . 18 # 10 ~ 9 
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32 events are found in the phase range . 7 - .8 giving an excess of 
19 ± 3 over the expected background of 13 events. 

The histogram using 40 bins shows that the excess is concentrated in a 
phase width of about 29'. 

In analyzing our data the x 2 test for uniformity, the probability of 
fluctuation and the confidence level as obtained from the relative 
likelihood method have been considered to set an estimate of the 
statistical significance of the excess. To determine the best value of 
the period p and its derivative p we varied p and p in steps of 4 *10’ 7 
d and 2*10“ 10 respectively searching for the maximum concentration of 
events in any of the 10 phase bins, as defined by the above criteria* A 
change in period of 4 *10’ 7 d gives a phase shift, for our data recorded 
between June 82 and January 85, of .042 to 0.052. A change in the period 
derivative of 2 *10" 10 gives a phase shift in the range 0.050 to 0.066. 

In the scanning over the period, the derivative has been set to the 
ephemeris value. The result is shown in Fig. 2 where the fluctuation 
probability is plotted. The minimum is found for the ephemeris value of 
the period. The other statistical tests give the same result. An 
inspection of the phase plot in 40 bins confirms that the minimum width of 
the signal corresponds to this period . The scanning in period derivative 
gives an analogous result, indicating the best derivative as that of the 
ephemeris, Fig. 2. 

MUON SPECTRUM 


The depth distribution of the 119 "of f-phase" events follows the one 
expected for atmospheric muons. Thus from 32 "in phase" events we subtract 
13 events background according to the depth distribution expected for 
atmospheric muons so obtaining the distribution for the 19 excess events 
(dashed line in Fig. 3). Only 1 event is found in the depth region around 
7000 hg/cm 2 corresponding to the maximum of our exposure (Fig. 4). This 
result rules out the hypothesis of muons generated by neutrinos in the 
surrounding rock. The intensity at four depths is shown in Fig. 5 together 
with the intensity point at 1800 hg/cm 2 from the SOUDAN experiment [3], 

The measured intensity is more than four orders of magnitude greater than 
the muon flux expected from the quoted gamma spectrum from Cygnus X-3 
(* 1.5 *10 " 1 5 cm ~ 2 s “ 1 at a depth 5000 hg/cm 2 ). 
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Using the survival probability functions we fit a power law differential 
spectrum to these data* The muon integral spectrum is found to be 
( 7.4±1 . 7) *10 " 7 *E ^ 2) cm - 2 g - 1 muc h flatter than the ordinary 

atmospheric muon one ( y ^ 2*75)* In Fig* 6 this spectrum is compared to 
the estimated flux of "y rays" from Cygnus in the range 10 1 2 -10 1 5 eV 
[4] • Spectral index and absolute intensities are roughly in agreement 
within the errors. 

CONCLUSION 


The analysis of the events coming from the direction of Cygnus X-3 shows 
that the best period and derivative coincide with the van der Klis and 
Bonnet-Bidaud ephemeris. The width of the muon excess in the interval 
phase 0.7 - 0.8 is about 29*. The depth dependence of the muon excess 
rules out the hypothesis of conventional neutrino-induced events. The muon 
spectrum derived by the analysis of NUSEX and SOUDAN data has a spectral 
index and an absolute intensity roughly in agreement with the primary flux 
attributed to photons from Cygnus X-3 at energies > 1 TeV. 

From this fact we argue that these events could be due to the interaction 
of a new neutral particle with a large cross section for muon production. 
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Figure captions 


Fig. 1 
Fig. 2 

Fig. 3 
Fig. 4 

Fig. 5 

Fig. 6 


Phase distribution for muons coming from an observation window 
of 10°xl0° centred on Cygnus X-3. 

Probability of fluctuation as a function of a trial period p (a) 
or period derivative p(b). The zero of the scale indicates the 
values found by van der Klis and Bonnet-Bidaud from X-ray data. 
Depth distribution for the 32 11 in phase 11 events. 

Exposure integrated over the running time and averaged over the 
total phase. 

Underground intensity of muons from the direction of Cygnus X-3 
(NUSEX and SOUDAN results). 

Integral energy spectrum of muons from the direction of Cygnus 
X-3 compared to the estimated flux of "y-rays". 
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MUON CONTENT OF GAMMA RAY INDUCED EAS FROM CYGNUS X-3 

P. R- BLAKE, W. F. NASH, M. R. SAICH and G. B. STANLEY 
University of Nottingham, England. 


ABSTRACT 

During 1984 the Leeds ^roup (Lambert et al, OG 2.1-6) have observed 
emission above 5 x 10 eV in July, September and October at 0 ~ 0.6. 
These observations were made with an array which included the 
Nottingham 10 m 2 muon detector. A search for muons in events at the 
phase peak and 'off-source* has yielded the following results :- 

(a) for 42 'on-source* events we find an average muon density (p ) of 
0.63 muons m- 2 at a ijpgan core distance R = 32 m and mean primary 

energy E ~ 2 . 5 x 10* eV. 

P 

(b) for 21 'off-source' events p = 1.6 m- 2 , R = 32 m with E - 2.0 x 

10 15 eV. M P 

(c) for 11 of the 42 'on-source* events, zero muons were recorded in 

the 10 m 2 . For these events R = 41 m and E - 1 . 5 x 10 T5 eV. 

P 

(d) for 8 of the 21 'off-source' events, zero muons were recorded in 

the 10 m 2 . For these events R = 37 m and E ~ 1.5 x 10* eV. 

P 

For all the events the mean zenith angle was ~16°. A more detailed 
comparison of 'on-source* and further 'off-source' events will be 
presented . 
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ABSTRACT 

The experimental data of extensive air showers observed at Akeno 
have been analyzed to detect the gamma ray signal from Cyg X-3. After 
muon-poor air showers are selected, the correlation of data acquisition 
time with 4.8 hours X-ray period is studied, giving the data 
concentration near the phase 0.6, the time of X-ray maximum. The 
probability that uniform backgrounds create the observed distribution is 

0.2$. The time-averaged integral gamma ray flux is estimated as 
(1.1±.0.41X10“ 1M cm“ 2 sec -1 for Eo>10 T5 eV and (8.8±5.0)X10 _1I *cm _2 seo" 1 for 
Eo>6X10 H eV. 


1. Introduction 

In the energy region larger than 10 15 eV (PeV), Samorski and Stamm 
presented in 1983a and b the first evidence from Cyg X-3. The result is 
then supported by Lloyd-Evans et al. 1983. They have shown that the PeV 
signals are concentrated around the phase of 0.3 where the phase zero 
corresponds to the minimum intensity of 4.8 hours variation of X-ray. The 
present paper reports another evidence on the positive detection of PeV 
gamma rays from Cyg X-3. The data are from EAS observation at EAS Array 
at Akeno during 1981 and 1984. 

2. Experimental arrangement 

EAS Array at Akeno(Hara et al. 1979) consists of 201 scintillation 
counters of 1m 2 area and nine muon(threshold energy is 1 GeV) detectors 
of 25 m 2 each. The data recorded by the trigger for small size EAS are 
used for the analysis. The region within the circle of 30 m radius near 
the center of the array is taken as the detection area of the EAS cores. 
This local trigger (cal led common trigger hereafter in this paper) for 
small EAS, of which threshold is about 1 PeV, is available since 1981 
with stable operation conditions and with almost full utilization of nine 
muon detectors. The data observed from the beginning of 1981 to September 
1984 are dealt with in the present paper. Twenty nine fast timing 
detectors are equipped with near the central part of the array for most 
of the observation period, giving about 3 degree of resolution in the 
arrival direction(Ishikawa et al. 1981). In order to get the events for 
the lower gamma ray energy, a temporal high rate trigger(called temporal 
trigger) was executed in 1984 only when Cyg X-3 is near the meridian 
passage. The threshold energy is about 1 PeV. 
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3. Analysis of observed data 

Selected as candidates for Cyg X-3 signals are the events from the 
field of view defined by ±10°X+10° square area of the sky around right 
ascension 307.6° and declination 40.7°. The data observed exactly within 
one period 4.8 hours of X-ray variation per day are used for the analysis 
to exclude interference effects between the period and the observation 
time. 

For each selected event, the ratio, R = Np./Ne, is used to select the 
data in favour of gamma rays against normal showers originated by nuclear 
active particles. The mean of the total(normal) showers is about R=0.03 
and the cut of the data is set at R=0.001. 

Eighteen events have remained after the selection criteria described 
above for the common trigger. These events are then checked if they are 
correlated with the 4.8 hours periodical variation. The non-uniformity of 
the data against the phase of 4.8 hours period is tested by the so called 
Rayleigh test, as is also used by Dowthwaite et al. 1982. In the test, 
each event is represented by a unit vector in a 2-dimensional space where 
the azimuthal angle corresponds to the phase. The norm of the summed 
vector over all the events gives the measure of non-uniformity. The 
amplitude, a, of the non-uniformity, the norm divided by the number of 
events N, is then compared with the expected value from the random walk. 
The statistical reliability of the apparent non-uniformity is expressed 
by the parameter k=Na 2 /4, where the probability of uniform distribution 
producing the observed one is given by exp(-k)(see for example Linsley 
1975). 

4. Results and Discussions 

The number of observed events 
is plotted in figure la as a 
function of the phase of 4.8 hours 
variation, when the period is put 
0.1996854 day as the one by van der 
Klis and Bonnet-Bidaud 1981. The 
phase zero is defined as the time of 
the minimum intensity of X-ray. The 
distribution shown in figure la 
gives the value k = 6.2. The 
probability that a uniform 
distribution produces the observed 
one is 0.2?. The analyses are done 
with various values of test period p 
to see if the non-uniformity occurs 
synchronized exactly with the X-ray 
period. The result is shown in 
figure 2. The tested periods cover a 
wide range of 0.1995 to 0.1999 day 
and the highest value of k is 
obtained at the periods X-ray data 
predict. The periods given by 



PHASE 

figure 1. The number of events 
plotted against phase of 4.8 hrs 
variation, (a) common trigger 
(b) temporal trigger 
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Parsignault et 
al. 1981 and 
van der Klis 
and Bonnet- 
Bidaud 1981 are 
shown by arrows 
in the figure. 

Another high 
value of k 
appears around 
P = 0.19975. 

This side peak 
can be 

understood as 
the second best 
fit which is 
created by a 
combined effect 
of the 

synchronization 

at the X-ray period and the data of the largest interval of acquisition 
time. 

The off-source data selected by the same criteria for on-souroe both 
in the field of view and in N^/Ne cut are also analyzed to get the 
spurious correlation with the X-ray period. The parameter k of non- 
uniformity are plotted in figure 3a as a funotion of right ascension, 
where the off-source directions are defined. Deolination is set between 
30.7 and 50.7°. The off-source data sets give no larger non-uniformity 
than the on-souroe data set. In figure 3b, the integral spectrum of k is 
plotted. The k-spectrum is well explained by the statistical fluctuation, 
which is given by the funotion exp(-k) (straight line in the figure 
normalized by the total number of the data sets for different directions 
in the sky), except the largest value 6.2 for the on-souroe data set. 

The number of data in the temporal trigger is too small to get a 
statistically meaningful arguments. The distribution versus phase is, 
however, consistent as is shown in figure 1b with the result by the 
common trigger. 

Our data confirm the conventional view that the gamma ray EAS has a 
poor containment of muon, on the contrary to the result by Samorski and 
Stamm 1983c. While, the data out by shower age after Kiel group produces 
no significant result(k=0.6). This may suggest that our trigger for data 
recording is biased in small Ne region, inefficient to flat EAS»s of old 
shower age initiated by gamma rays. 

The other kind of systematic errors arises from the ambiguity in 
data out by N^Ne. The result for the loose out in N^/Ne smaller than 
0.003 and 0.01 results in the concentration of events at the phase near 
0.6 is observed with less significance of k=2.4 and 1.6, respectively. 

The number of counts around^ =0.6 exceeds the average by 16 and 28, 
respectively. If these excess is attributed to the signal, the obtained 
flux could be at most doubled. In figure la, the extraction of seven 
events at phase 0.6 results in ksl.O, whioh may indicate that about 7 
events could be attributed to the signal. 



figure 2. The parameter k of statistical significance 
of non-uniformity is plotted against the test period 
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Tbe integral flux is obtained as (1.1±0.4)X10’’ 11, cm“ 2 seo“ 1 for 
Eo>10 15 eV and (8.8±3.8)X10" 1M om‘ 2 seo~ 1 for Eo>6X10 14 eV, by taking 7 and 3 
events near 0.6 phase in figure la and b as the signals and by correcting 
for the inefficiency due to the trigger bias. The given errors are the 
statistical errors and the systematic errors can allow larger fluxes than 
the quoted ones. 

The preceding results of Kiel and Haverah Park have a sharp peak at 
the phase 0.3, while the present result shows a broader one near the 
phase of 0.6 at the X-ray maximum intensity rather coincident with 10 12 eV 
results. 



various direction of the sky. (b) Integral spectrum 
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ABSTRACT 

The ultra high energy y-ray source, Cygnus X-3, has been 
observed more or less continuously with an array sensitive to 
>10 15 eV primaries between 1 Jan 1979 and 31 Dec 1984. We find 
there is evidence for time variability in the phase of y-ray 
emission over this period. 

1* Introduction . Cygnus X-3, enigmatic in its behaviour at X-ray and 
radio wavelengths, is proving to be equally puzzling in ultra high energy 
y-rays. Following our confirmation and extension of the initial measure- 
ments of Samorski and Stamm (1983) (Lloyd-Evans et al 1983) we have 
continued observation of the source. Here we report on a nearly 
continuous sequence of measurements from 1 Jan 1979 - 31 Dec 1984 using an 
array sensitive to events above 10 15 eV and on a further three months of 
data obtained in 1984 with an independent array sensitive to showers from 
primaries above 5xl0 14 eV. We find evidence for time variability: 
between 1979 and 1983 the amplitude near <j>fy0.25 has reduced slightly and 
shifted by a small amount in phase, while in 1984 there are significant 
peaks at <f)'V0.27 and ^0.63 in the data from both arrays. 

2. Experimental Data . Of the two arrays, array B is the complex of 

4 x 13.5 m 2 water-Cerenkov detectors (threshold 10 i5 eV) used in our 
earlier work, while array P was purpose built around our central detector 
(^ 2 km from B) , at which there is a 10 m 2 (500 MeV threshold) muon 
detector operated by the Nottingham group, (Blake et al 1977). Array P 
comprises 4x7. 7 m 2 water-Cerenkov detectors on a 50 m grid and was 
operated at a lower threshold. The angular resolution of the two arrays 
is similar and from the array B results in 1979 - 81 is deduced to be 
approximately Gaussian with a standard deviation of about 2.5°. Note that 
the long rattle time of light in the large volume water-Cerenkov 
detectors leads to an angular resolution much inferior to that attainable 
with plastic scintillators. The primary energy is estimated by measuring 
the water-Cerenkov density at 50m, p(50), in each event and using a 

standard spectrum to equate rate to energy. 

The f on-source T data shown in Figure 1 refers to a 9° x 6° (RA,6) area 
centred on Cyg X-3 when it was within 30° of the zenith. The events 
detected within this area were flagged as source events and, after 
correction of the time arrival to the heliocentre, binned in one of 40 
phase bins using the ephemeris of van der Klis and Bonnett-Bidaud (1981). 

3. Discussion . It is clear from Figure 1 that the signal is not constant 
in phase and amplitude from year to year. We refute the possibility that 
the absence of a signal in phase bin 10 during the years 1982-84 is due to 
use of an erroneous ephemeris. Firstly, an updated ephemeris has been 



Array B E > 10 A " eV 



1 

0G 2.1-6 

Figure 1 

Array P E > 5 xlO 1 * 1 e' 




September 1964 





All data analysed using the 
ephemeris of van der Klis and 
Bonnett-Bidaud (1981) . 


obtained by van der Klis (private communication) , incorporating measure- 
ments from COS B and EXOSAT , which differs insignificantly from that used 
to derive Figure 1. Secondly, we note the consistency of the TeV signal 
at pfhase ^0.6 through to 1983 which has been achieved with this ephemeris 
(Cawley et al 1985). 


In the context of a source model in which y-rays are formed from rr 0 ’s 
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generated in a gaseous target (e.g. Hillas 1984) and in view of the 
variability of emission at X-ray energies (Willingale et al 1985) it seems 
unreasonable to expect stability of the target material to within 0.025 
of the binary period over many years. Consequently the data of Figure 1 
have been searched using the 'sliding-bin* technique suggested by Hillas 
(1975) to locate the phase position of the largest excesses found in the 
twelve six-month intervals between 1979 - 1984. The positions of these 
peaks are shown in a phase diagram (Figure 2); where two or more equal 
'excesses* exist they have been plotted separately. These data have 
been examined for directionality 


using the Rayleigh test (e.g. 
Mardia 1972); the probability that 
such a distribution could arise by 
chance is 0.05 and the mean phase 
is (0.20 ± 0.05) . 

Examination of the combined data 
from arrays B and P for 1984 
suggests that there is a double 
peak structure in the UHE y-ray 
light curve. The search 
technique used above reveals a 
peak of 38 counts at $ = 0.27 
and 40 counts at $ = 0.63 against 
an average background of 21.2 
events. The chance probability 
of obtaining two such peaks is 
2.3% so that evidence for a 
clear signal is not compelling. 
However the phases of emission 


Figure 2: Largest excesses in six 



are similar to the UHE 


phase found at earlier 
epochs ($^0.25) and to 
the preferred TeV phase 
($ ^0.6) . The data are 
shown in Figure 3 binned 
in the phase intervals 
of Figure 1. Also 
indicated are the phases 
of emission found by 
Cawley et al (1985) 

(1 TeV), Baltrusaitis 
et al (1985) (5 x 10 14 eV) , 
Alexeenko et al (1985, 

0G 2.1-12) (3 xlO 14 eV) and 
Kiffune et al (1985) 

(> 10 15 eV)in the most 
recent observations 
known to us. 

4. Time Variability . 

If indeed the emission 
phase does vary in the 
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manner suggested by our analysis it is difficult, with the present levels 
of significance, to address accurately the question of time variability 

am P^ tuc ^ e - However, we have evaluated the y-ray flux, at energies 
>10 eV, as follows: (a) assuming that the signal is distributed over 
the five shaded^ j)hase bins of Figure 3 we obtain a value 
^ 4.5x10 14 cm s 1 which is comparable to that observed in 1979-82 for 
the emission at (p^0.25 (Lloyd-Evans et al 1983), (b) takine the_ largest 
excess in a single phase bin ((J>-0.64) the flux is ^ 7 x 10™^ 4 cm 2 s~ . 
Either flux rules out the large decrease of ^ x 0.5 per year deduced by 
Bhat et al (1985), through their interpretation of the Kashmiri Cerenkov 
light enhancement as a signal from Cyg X-3. 

There is, however, clear evidence for time variability of the TeV emission 
and in particular we note that Vladimirsky et al (1973), Fomin et al (1980 
and Cawley et al (1985) have reported enhanced emission following the 1972 , 
1980 and 1982 radio flares respectively. Furthermore, the Fly’s Eye group 
(Baltrasaitis et al 1985) saw a 3.5a signal from Cyg X-3 at <J>=0.25 on a 
few nights in July 1983 but observed nothing significant during two 
similarly short observing periods in late September and October 1984. 

We believe that the appearance of a signal at <J>^0.6 during 1984 to be the 
most significant evidence of time variability available within our data. 

We speculate that the change in emission pattern follows the radio flare 
in 1983 (Johnston et al 1985) noting that Geldzahler et al (1983) suggest 
that sequences of radio outbursts are linked to starquakes in the crust 
of the neutron star. Such ’quakes’ may also disturb the magnetic field 
configuration and the emission pattern through the plasma which they 
eject which may modify the accelerating potential in the region of the 
neutron star and the distribution of target material. For example, TeV 
emission at <J)^0.2 is observed relatively infrequently and may be 
associated with occasions when the proton beam in that direction hits a 
thicker than usual stellar atmosphere. Conversely a 10 15 eV signal at 
4*^ 0.6, as seen in 1984, might reflect a thinner than normal atmosphere 
in that direction at that time. 

5. Conclusions . We have reported evidence for the time variability of 
the amplitude and phase of the 10 15 eV signal seen from Cyg X-3. In 
particular, the UHE y-ray light curve for 1984 shows a double peaked 
structure with emission seen at 4> r °0.27 and 0.63. 
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CN GAMMA. AND NEUTRINO RADIATION 
FROM GIG . X-3 

Vi.S. Berezinsky 

Institute for Nuolear Research;, Academy 
of Soienoies of the USSR, 60 th Anniver- 
sary of October Revolution Prospect, 7a, 

117312, Moscow, USSR 


ABSTRACT 

The production; of high, energy gamma and 
neutrino radiation is studied for Cyg X-3. 
A heating model is proposed to explain, the 
presence of only one gamma— pulse during; 
4.8h period of the source. The accelerati- 
on mechanisms are; discussed.. High, energy 
neutrino flux from Gyg, X-3 is, calculated.. 


I.. Introduction . Gyg X-3 is a powerful variable source detected in. 
radio, infrared. X-ray, and # -radiation. The observed 4 . 8h periodici- 
ty, is interpreted as orbital motion in a binary system., Reoently the 
same periodicity was discovered in # -radiation with E ^ IO ,y eV 
(Samorski and Stamm, 1983, Morello et al 1983 ,; Lloyd-Evans et al 198 . 3 ) . 
For the interpretation of the data, mostly am X—ray and 7f -radiation 
a binary model is invoked. A, compact source in the binary oan be a 
white dwarf or a neutron star. The separation of the two components 
of the; binary found from 4. 8h period is Aj-1.IO' ,1 [(M 1 +M a )./M;0l 1/S om. The 
system must be ooated by relatively dense gas, It follows from the ob- 
served out off of X-ray spectrum whioh implies the total column den- 
sity between 3 •I© 11 ' and 2.10 s * 3 H/cm 4 * .. The absenoe of the flat eclipse 
X—ray curve also demands for its interpretation the presence of the 
gas around the system in which. X.-ray scattering, takes place. As far 
as high energy# -ray production is concerned, this density is very 
low. To leave the system transparent for X-rays, the column density 
must be less than 0.3-Iig/ cm 1 " while; for effective # -ray production 
x 40-70g/ cm 4 - is needed. The effeetivity is increasing, in the bina- 
ry models where # -rays are produced in atmosphere of the normal 
component (Berezinsky 1979), as illustrated in Fig. I 



Fig. I The scheme of V - and y~pulsar // ( reproduced from Berezinsky 1979) 
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These models were put forward as possible ones for high energy neu- 
trino radiation accompanied by relatively small flux of y -radiation 
(hidden souroes) . They were successfully used by Vestand and Eichler 
(1982) for Cyg X- 3 . In oontrast to Berezinsky ( 1979 ) Vestrand and 
Eichler (1982) considered also production of y -rays by the elec- 
trons which can be important for y -radiation with E y 10 ltL eV. 

2. Difficulties . The atmospheric model production meats difficulties 

of two kinds* The atmosphere of the normal component interseots the 
the line of sight twioe during the oycle, producing thus two y -pul- 
ses symmetric relatively to the phase of X-ray eclipse. In reality 
at Ey > 10 * eV only one y -pulse was observed. The second difficul- 
ty is connected with the duration of y -pulse expected in the afore- 
mentioned model. Gamma-rays are produced in the ohannel where oolumn 
density of gas is . If the jr°-mesons are not pro- 

duced, if X>>X m j gammali are absorbed. Suppose the effective y-cha- 
nnel is limited by x m ^ **x r<M f an< ^ consider a star 

of radius R surrounded by an exponential atmosphere §> (h),= 9 0 exp(-h/H) 
where HssicTR /(m^e.M) is characteristic height of atmosphere. It is 
easy to calculate the linear width of the channel in which the co- 
lumn density ranges between x^and 2x^ . It is equal to h,-h 1 = 

Hln2 and therefore (h, —h^/Rrv H/R<<I. By other words the duration 
of y -pulse lyv (h, — h a )v is very small and hence the cosmic ray lumi- 
nosity of the pulsar must be very high to explain the observed y-ray 
flux. 

3. Heating model . Both difficulties can be eliminated in the follo- 
wing model. The pulsar produces the beam of accelerated particles in 
the direction of the observer. When the normal component of the bina- 
ry crosses the line of sight, and thus the beam, it is heated to the 
high temperature. The evaporated gas forms a oloud behind the star 

in which y -radiation is produced. In this case there is only one 
y -pulse per period and its duration is large. As a normal component 
we shall take the main sequence star with mass M= 2 . 3 M( 7 ), with radius 
Rs=I.3«I0 l( cm and temperature T o =7000 K. Let us show that during orbi- 
tal period the star is heated to a high temperature and then is 
cooled to its normal temperature. First we shall estimate the charac- 
teristic heating time X 
ted as 

7^- (L p /MjtRV) * = 3H 0* (L p / 1 O^lr^/s ) iN (I); 

where is luminosity of proton beam and (T“ 5 * 6 .IO ezg.s _l cm' z K 
High energy protons undergoing nuolear collisions at the surfaoe of 
the star produoe a nuclear-electromagnetic cascade. The thiokness of 
the heated crust of the star can be taken as the depth at which the 
cascade reaohes its maximum. In our estimates we shall take for it 
x/v I0^g/cm x . The heating time is 

k "T>*> N/Lp ~ 10*. (2) 

5*0 / o 

where N^i # IO is the number of electrons in the depth x^IO g/cm 

of the star# Therefore the heating time is considerably shorter 
than the time during which the star crosses the proton beam, ~ 

~ TR/rrA ^ 5 * 10 ^ s. How let us estimate the characteristic cooling time 


^# The equilibrium temperature can be calcula- 
VH - W/. , M \UH 

-V 
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down to normal temperature of the star T =7000 K. Taking into acco- 
unt only outer surface cooling, one gets 

K W/SjrRVT/ X 1 .1 • |o\ (3) 

which is considerably less than orbital period s* 

4 , High energy gamma and neutrino fluxes .Consider first the gene rati 
on of $ —ray flux, it is produced in M y -channel” as illustrated in 
Fig. I or in a gas cloud for a heating model through production and 
decay of JT 0 — mesons. For column density x , of target being less than 
nuclear one, X^j , -ray flux avaraged over period T can be written 
down as 


F (?)= (iV/tXx/Xn) fj- N p Ce)/Q. 


(4) 


where ~C^ is a duration of -pulse, N p (E) is the number of protons 
with the energy E produced by the pulsar per Is, SI is a solid angle 
the proton beam is confined by (Q. = 4 VT for isotropic case) and ^ is 
dimensionless ray yield; calculated by Berezinsky and Volynsky (1.979) 
for power— law spectra under assumption of scaling and tabulated in 
Table I for different values of integral spectrum exponents . If the 
normal companion of the binary is transparent for neutrinos, neutrino 
flux is expected to be much higher than # -flux . As illustrated by 
Pig. I neutrinos are produced mainly in the atmosphere behind the star 
(relative to the observer) and thus a duration of V —pulse isTV^Iy v, 
while that of —pulse is Ty ^ (h, — hjJ/v ,i.e. 'Cv/’Gy 2 B/H.>>I. 
For a heating model this ratio becomes less. Taking into account that 
neutrinos are produced in the thick target, one finds for period ava— 
raged 'fy+Vp-flux, using neutrino yields (Berezinsky and Volynsky 
1979): 




_ N/p C £ ) 

T 


t: v 


(5) 


’.irhere ck? cl / 2 is a fraction of energy retained by proton in one nu- 
clear collision. The values of are tabulated in Table I. 

Table I 




I.I 

1.2 

1.3 

1-4 

1-5 

1.6 

1.7 

0.13 

0.095 

0.070 

0.052 

0.040 

0.030 

0.023 

0.12 

0.091 

0.071 

0.056 

0.045 

0.036 

0.029 


0.12 0.091 0.071 0.056 0.045 O.Oib o.o<i 

5. Luminosity. The spectrum of protons in Eqs ( 4 )^( 5 ) can be 
power-law form H (E)=(* -i) (W®c>) ° » where L p is 1 


of the source in 


taken in 

a-p/^o » <-p — luminosity 

ui viia .... the form of accelerated particles, E 0 ixJGeV and ^ is 

an exponent of integral spectrum, which according to ^-obserTOtion 
will be taken as ^ =1.1 . Then from ( 4 ) using } y (E)=P/L)/r with 
r=10kpc and j ^(>3000TeV)=I .5 om' x s' 1 ong obtains* 

L ( 6 ) 

U P ' ^ 1U < -fjr HO a 

where, according to experimental data (Lloyd-Evans et al 1983) 

40. For proton beam with sr the luminosity decreases by a- 

ctor of 1000 . 
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6 _._Detection of neutrino flux . The neutrino flux deep underground is 
accompanied by equilibrium muon flux. For flat spectra, when U 
and for E^ :>. ITeV, when muon energy losses can be taken as E~'^ dE A /dx= 
=b, the equilibrium muon flux can be expressed through muon moments 
yc( E ) an d ly,+(E ) calculated by Berezinsky and Gazizov ( 19 79 ) • 

where (y o =I.L.IO^ cm is a normalizing cross-section, N A =6.10^ is 
Avogado, number and for E^ =ITeV and if =1.1 V- =0.25, Vj-0. 16 and 
b=4.I0 cmVg for a rock. The lowest neutrino r flux compatible with 
the observed if -ray flux can be found from ( 4 ) and ( 5 ) if to take 
"^v = TT^and to assume that target is thin. Since at ^=1.1 
one gets for flux densities L C£) + We) . At EscITeV acco r- r 

mg t ©^observations ^ cx 3.I0 ' 11 cm**- s ' 1 and hence from ( 7 ) L( >ITeV)x. 
~I«I0 cm x s 1 . This lower limit flux can be detected only by very 
large detectors with S/^I0 S m 2 ' , such as DUMAND or BAIKAL, at level of 
counting rate 'v>~ j S ~ ty/yr. The muons of smaller energies don't 
contribute significantly to the number of detected muons. 

If the normal component; of the binary is transparent for high energy 
neutrinos, neutrino flux is given by ( 5 ) with TL/t=R /a, where A is 

separation. In this case it is easy to find for ExA L(>ITeV), = 

= 7.6.10 15 (Lp/LO^erg. s _l ) (0.l/Q_ )cm - 2 _ s -1 . It corresponds to 
24 ( L p /l 0 0 )( 0 .l/SL ) muons with E /^ ITeV traversing the undergro- 
und detector with S=I00 m‘ 1 ~ per Iyr. Such a possibility corresponds to 
very small , as it folllows from ( 6 ). 
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1000 GeV GAMMA RAYS FROM CYGNUS X-3 - AN UPDATE. 


Chadwick, P.M., Dowthwaite, J.C., Kirkman, I.W., 

McComb, T.J.L., Grford, K.J. and Turver, K.E. 

Department of Physics, University of Durham, 

Durham DH1 3LE, U.K. 

ABSTRACT 

Measurements of 1000 GeV Y-rays from Cygnus X-3 
made with the University of Durham facility at Dugway, 

Utah in 1961/82 are reviewed. The light curve of the 
4.B hour modulated emission is updated and shows 
evidence significant at the 4.4 a level for strong 
emission (97. of the cosmic ray rate) at phase 0.625 and 
less significant <1.4 a level) indications of weaker 
emission <37. of the cosmic ray rate) at phase 0.125. 

The effect constituting the excess on the few nights 
showing the strongest emission appears to arise from 
the smallest Cerenkov liqht signals suggesting a steep 
Y-ray spectrum. The 1982 data have been searched 
unsuccessfully for evidence of emission at phase 0.2, 
in coincidence with the results from the ultra-high 
energy EAS measurements in 1979-1982. 

A systematic investigation of a long term variation 
in the strength of the peak of the 4.8 hr modulated 
1000 GeV Y-ray emission has been made. We find that in 
addition to the approximately 34 d variation reported 
by us previously, a stronger effect exists at around 
1 9d . 

The results of an unsuccessful search for a pulsar 
period or pseudo-r egul ar variations in Y-ray emission 
are reported. 

1. INTRODUCTION, 

Cygnus X-3 was observed for 350 hrs in 1981/82 using the Dugway 
Y-ray facility. The initial results on the emission of the 1000 Gev 
Y-rays have already been reported <4> . We here update the analysis in 
the light of our further understanding of our equipment and the 
considerable interest in Cyg X-3 since that time. Most of the data in 
1981 were taken with the telescopes in the drift scanning mode, a 
reliable but inefficient mode of operation. In contrast to other VHE 
Y-ray observations, we made our drift scans of Cyg X-3 at 
predetermined phases in the 4.8 hr orbital period using the X-ray 
ephemeris <2) . Observations on the other experiments are made with no 
preconsideration of the orbital phase and the results from many drift 
scans, in a typical 10 7. phase range, are combined and presented as a 
phase histogram. In our case the 0N/0FF ratio of counts, being the 
basic data of the driftscan, represent the flux of VHE Y-rays in a 10 
min time slot (0.035 in phase) at fixed orbital phases. We chose to 
make most of our observations at spot phases, separated by 0.125 steps 
from 0 to 1.0. A small number were made in 0.125 steps from 0.03 to 
1*03. The observations in 1982 were made using the telescopes to track 
the object with the intention of investigating the duration of any 
activity detected using the driftscan data and to search for a pulsar 
periodicity. 
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2. RESULTS. 

Ne show in Figure 1 the light curve for 1000 GeV V-rays based on 
all the data recorded on clear nights. The data are similar to those 
reported earlier <l> but allowance has been made for what we now know 
tD be the non-uniform background in the Cygnus region <3> which causes 
the effective background for point source detection to be different in 
the region of Cygnus X-3. Figure 1 shows at phase 0.64 ^0.03 an 
excess of 9.4 I. of the cosmic ray rate for our telescopes ( a flux of 
3x10 -*®cm " 2 s"‘). The excess is significant at the 4.4 a level if 
we assume, in the light of earlier Y-ray observations and a knowledge 
of the phase of the X-ray maximum, that this was the expected phase. 
The measurements around phases 0.5 and 0.75 show no excess indicating 
a duty cycle of 4 20X. Consideration of the tracking data ,u suggests 


that the activity lasts for only 5 
note a 3.4 7. excess significant at 



o • aa .e .78 s.o 


PHASE 44. S HR) 


Figure 1 » The 4.8 hr light 
curve. 



0.8 O. 428 O . 78 

PHASE <4.8 HR) 


Figure 2 , The fraction of 
recorded light flashes smaller 
than the median value. 


- 10 min. At phase 0.14 + 0.03 we 
the 1 . 4 <j 1 evel . 

The origin of a strong 
excess <*20 ’/. ) in counts at 
phase 0.625 in 4 observations 
has been investigated. The 
median value of the Cerenkov 
light amplitudes has been 
evaluated for each detector in 
each observation. This has 
been done on the basis of the 
events in 20 min OFF SOURCE 
measurement in each scan. The 
number of flashes in the ON 
SOURCE interval for each 
detector in each scan below 
this predicted median value 
has been evaluated and summed 
over all 4 observations. We 
show in Figure 2 the number of 
events below the predicted 
median, expressed as a 
fraction of the total, for 
observations in the phase 
range 0.5 - 0.75. If the light 
amplitudes from V-rays and 
protons were similar we would 
expect a ratio of 0.5. There 
is clear evidence that the 
events constituting the count 
rate excess at phase 0.625 are 
amongst the smaller Cerenkov 
signals. A complicated 
behaviour of the proportion of 
0.625 phase ON SOURCE signals 
within the first octile and 
quartile (again calculated on 
the basis of the OFF SOURCE 
data) which correlates with 
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the individual detector energy thresholds is noted. The detectors with 
the highest threshold energy show the strongest concentration of 
Y-ray candidates in near-threshold events. This supports the idea of 
a Y-ray spectrum which is steeper than the proton spectrum. 

A search has been made of the data taken in 19B2 with the 
telescopes in the tracking mode for emission at phase near to 0.2 , 
the phase at which 10 1S eV emission has been noted <4 » B> . This has 
been unsuccessful with only a flux limit (at the 3 a level) of 
2x10"“ cm" 1 s _1 being derived. 

X-ray observations of Cyg X-3 have suggested variations in the 
amplitude of the 4.8 hr modulation <4> on a time scale of 34 d. In 
addition, the magnitude and sign of the phase shift in the time of 
occurrence of the peak X-ray emission on a time scale of 19 d <7, has 
been noted. 

Me previously reported the result of folding the values of the 
amplitude of the 4.8 hr VHE Y-ray peak at phase 0.625 in individual 
scans modulo 34.1 d ,4> . Recently we have investigated the long term 
variation in this peak strength in a more general way. 



18 31 186 

PERIOD <DRYS> 


Figure 3. The long term 
variation of the 4.8 hr peak. 


Me have fitted a sine 
wave to the excess shown 
in all the individual 
scans at 0.625 phase with 
the fit constrained to 
have the observed 
strength averaged over 
all scans and to have a 
peak-to-peak amplitude 
ranging from zero to 
twice the average. The 
rms deviation from such a 
sine wave fit for 
independent periods in 
the range 8 to 500 d is 
shown in Figure 3. There 
are two periods with 
small deviations - the 
best fit - and these are 
19.2 + 0.4 and 36.8 + 1.5 
d . 


The sine wave with period 19 d has its maximum (i.e. maximum 
1000 Gev Y-ray emission at phase 0.625 in the 4.8 hr orbital 
period) at JD 2445163 + 0.5. The X-ray phase effect reported 
,7> has a maximum phase lead , interpreted as due to apsidal 
motion, at JD 2444389 + 1. These two possible effects cannot 
be reliably linked in phase due to the combined uncertainties 
in period and epoch. 
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Figurg 4 . The peak strength at 
phase 0.64 folded modulo 19,2 
d. 



r HABK 


We have searched a small subset o f Cerenkov light data 
selected to be rich in Y-ray candidates, those recorded at 
the times of maximum VHE Y-ray emission (phase 0.625), for 
periodicity on the time scales of 1 ms - 100 s. Having tested 
the 6x10 s independent periods using the Rayleigh test, we find 
no evidence for periodicity involving a light curve with a 
large duty cycle. Indeed on the basis of the count rate of the 
present generation of telescopes, we would not expect to 
obtain sufficient counts in the short time (mins) during the 
observed excess at phase 0.625 and which is the maximum 
allowable if we are to avoid the effects of the (unknown) 
Doppler shift due to a typical orbit. For example, a Y-ray 
signal of 107. of the cosmic ray background would require a 
data rate in excess of 3 Hz to produce, in a time of 10 min, a 
probability of periodicity of 10~ 7 on the Rayleigh test which 
would stand clear of chance expectation. 

The Rayleigh test applied to the 1982 tracking data has 
provided no evidence for any pseudo-per i odi c emission in the 
range 500 ms to 100s (1200 independent periods tested) of the 
type reported for the X-ray emission <B> . 
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EVIDENCE FOR LONG-TERM VARIABILITY IN THE ULTRA 
HIGH ENERGY PHOTON FLUX FROM CYGNUS X-3 

* 

Bhat, C.L. , Rannot, R.C. , Rawat, H.S., Razdan, H. , 
Sanecha, V.K. , and Sapru, M.L. 

Bhabha Atomic Research Centre, Nuclear Research Laboratory, 
Srinagar-190006, Kashmir, India. 

(^Presently at the Physics Dept., University of Durham, U.K.) 


1. Introduction . A time-correlation analysis of atmospheric Cerenkov 
pulses recorded at Gulmarg (altitude: 2743 m) by a wide-angle photo- 
multiplier system was previously shown (Bhat et al . 1980) to have present 
in it a nonrandom component which seemed associated with the Right 
Ascension (R.A.) range % 20 - 04h (Fig. 1). A recent examination by 
Bartelt et al . (1985) of the multi-muon events recorded by SOUDAN-1 

proton-decay detector shows a similar time-dependent effect which 
matches closely the Gulmarg event rate 
peak both in position and amplitude and ?0 
in that sense supports our suggestion that 
the effect is of a genuine cosmic origin § 

However, even though Cyg . X-3 lies well fj 60 
inside the region of our peak intensity, 
it does not seem possible to ascribe the & 50 [- 
whole effect to this source, for the £ 
implied photon flux turns out to be too £ 
large to be reconciled to various Y“ “ 
ray measurements of Cyg. X-3 (Bhat 1982, 

Eichler and Vestrand 1984) . We have now 
subjected the Gulmarg data to a phase- 
histogram analysis and find that only 
2.5% of our overall recorded events are 
compatible with a phase-dependent emission 
from Cyg. X-3. Assuming these events to 
be y-rays yields a detected flux of 
(2.6 * 0.3) x 10 _ ^^ycm“^s“-'- above 5 x 
10 14 eV. 



5 10-5 15 5 20-5 

RIGHT ASCENSION R.A.(h) 

Fig. 1. Gulmarg ACP rates 
averaged for the period 
1976-77 and plotted as a 
function of R.A. A broad- 
peak is evident in R.A. = 
15-02 h. Point-spread 
functions of the form ^CoS 4 ^ 
are fitted to the data. 


We compare this value with more 
recent UHE photon data from this :spurce, 
including that taken in Gulmarg during Sept.~ 

October 1984. We suggest that the available data generally favour a 
long-term reduction in the Cyg. X-3 inferred luminosity (> 10 13 eV) by a 
factor of (1.8 - 0.3) per year, provided that the measurements in 
question are free from large systematic errors. 


2. Experimental Arrangement . Essentially, it comprises 2 large-area 
(490 cm^) photomultiplier tubes (PMT) exposed to the sky on clear, 
moonless nights in a cone of semiangle 70° relative to the vertical. The 
PMT, fed sufficiently low EHT to stabilize their gains against varia- 
tions in the night-sky background light, are operated in a prompt- 
coincidence mode (resolution time ^ 10 \xs) . Atmospheric Cerenkov pulses 
(ACP), with amplitudes > 4c v (a v being shot noise voltage) ^ are recorded 
along with their occurrence time, generally maintained accurate to 
^ 1 ms. The average ACP detection rate is ^ 1 m*" 3 - which, when considered 
together with the system threshold optical flux of % (12 - 3) quanta 
cirT^ event~l and the effective solid angle of 0.5 sr (for ACP), 
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corresponds to a minimum energy of 
^ 1.4 x 10 15 eV for a proton primary 
and ^ 5 x 10 14 eV for a y-ray primary 
(Bhat et al. 1985). 

3. Data Analysis . The present 
study is based on 12,665 ACP rec- 
orded between 1976 Jan. -1977 Dec. 
in 212h of observations. The 
events are divided into 3 groups : 

(i) ON-source events, recorded when 
Cyg. X-3 (R.A. ^ 2Qh) is at an hour 
angle \|> < 40°, (ii) INTERMEDIATE 
events, when the source is at t = 

40° - 70° so that its 'signal* 
cannot be recorded as efficiently 
as in case (i) because of the 
zenith-angle dependence of Cerenkov 
radiation, and (iii) OFF-source, 
when Cyg. X-3 is outside the detector 
geometrical field of view (ty > 70°) . 
While cases (i) and (ii) together 
consist of 6569 events, belonging 
to 63h and 37. 5h of observations in 
1976 and 1977 respectively, the 
OFF-source data comprise a total of 
6096 events recorded in 70h of 
observations in 1976 arid 41. 5h 
in 1977. The daily observation runs 
belonging to all the three cases are 
broken up into a series of 15m 
intervals and the number of ACP re- 
corded in each of these bins is noted. 
Next, each bin is assigned a phase 
value <|> using Cyg. X-3 ephemeris 
due to Parsignault et al. (1976), 
which is preferred as it is more 
contemporary to our observation 
period. The resulting periodo- 
grams, comprising ACP rate per 15m uj 
bin averaged over the number of times ^ 
(n) the bin was observed, is shown inOC 
Fig. 2 separately for the cases (i) 
-(iii) along with the distribution 
of n as a function of 4> . 


(a) ON -SOURCE ((J)s40*l 
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The OFF-source phasogram 
(Fig. 2c) displays no rate varia- 
tions at >2 a and is compatible 
with a flat distribution (reduced 
X 2 = 1.53). The ON-source 
(Fig. 2a) and the INTERMEDIATE 
case (Fig. 2b) phasograms, on 


0208 0*417 0*625 0*833 1*042 

PHASE <|> 


Fig. 2. Dot-dash lines represent 
phase-average ACP rates, which are 
18.5, 12 and 13.7 per 15m for a, b 
and c respectively. 
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the other hand, exhibit peaks at ♦ = 0.572-0.625 for which the res- 
pective probabilities for consistency with a phase-independent uniform 
distribution (with equal weight for all bins) ^re 1.6 x 10" 8 (ip < 40°) 
and 2.6 x 10“ 3 (ip - 40°-70°) and the reduced x"' = 3.84 and 1.05 res- 
pectively. The reduced peak amplitude in Fig. 2b relative to that in 
Fig. 2a is expected in view of the zenith angle dependence of ACP and 
consolidates the association of the peak-feature in Fig. 2a with Cyg. 
X-3. ln\ 


4. Results & Discussion . The above 
result can best be interpreted as a 
reflection of a phase-dependent component 
of y-rays from Cyg. X-3 with a period of 
4.8h, duty-cycle v 5% and a phase- 
averaged flux of (2.6 ^ 0.3) x lO"" 3 - 2 y 
cm' 2 s' 1 at > 5 x lO^eV (Bhat et al . 


•5 10 


1985) . This flux is plotted in Fig. 3a 
along with the results of other measure- 
ments at energies > 10 -^eV, including an 
upper limit (95% C.L.) obtained from 40h 
of new Cerenkov observations at Gulmarg 
during September-October 1984. It is 
evident that the quoted flux values are 
mutually incompatible by factors of up 
to ^ 9 (for the plausible spectral form 
^E ~ 1 ’ 1 ) . 

y ' 


10 



i Morello & Navorrcj1983} 

[ 4 Alexeenko et oli1985) 

4 Kifune etol.(1985) 

Battrusaitis etal.(1985) 

4 Lloyd- Evans etal(1983) 

$ Samorskii l Stamm 11983) 

4 This work 11976 - 77) 
f This work (198 A) 

io u 

Photon Energy E T (eV) 


There can be several reasons for 
this apparent inconsistency. We examine 
here one: since the measurements refer 
to different observation epochs , whether 
they can be reconciled with one another 
by invoking the possibility of a secular 
variation in Cyg. X-3 emission char- 
acteristics (Rana et al . 1984)? To 
consider this, we first correct the 
measured fluxes for absorption by the 
microwave background radiation (MWB) , 
taking Cyg. X-3 distance as 11.6 kpc 
(Cawley & Weekes 1984) . The resulting 
flux values are shown in Fig. 3b. 

Note the consistency of the 1984 
Gulmarg upper limit with other recent 
observations. The Fly's Eye data 
(Baltrusaitis et al . 1985) are not 
shown in Fig. 3b since they are not 
likely to represent long-term flux 
averages . 

A series of lines, each with 
slope -1.1 and representing different 
observation epochs, seem to fit the 
corrected spectral data rather well. 
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Fig. 3. Cyg X-3 spectrum at 
>10^ 3 eV before (a) and after 
(b) correcting for y-y inter- 
actions with the microwave 
background (MWB) . Cygnus X-3 
distance is taken as 11.6 kpc. 
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Fig. 4. Cyg. X-3 
flux above 1 Pev 
deduced from 
measurements 
belonging to 
different 

observation epochs. 
There is a 
suggestion of this 
flux decreasing with 
time on a long term 
basis. 
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OBSERVATION PERIOD (YEAR) 


suggesting that a single power law spectrum can fit the UHE data well, 
provided we allow for a long-term reduction in Cyg. X-3 flux at > 10 1 ' 3 eV. 
An estimate of the rate of this suggested variation follows from Fig. 4 
where we have plotted the MWB-corrected flux above 1 PeV as deduced from 
various measurements (for spectral form ^ against the cor- 

responding observation period. A time-constant of (1.7 ± 0.4) years is 
inferred, corresponding to a flux reduction by a factor (1.8 - 0.3) per 
year. In view of several uncertainties afflicting the present-day 
experimental data (viz. anomalous muon content of Kiel events, threshold 
ambiguities, rather enigmatic phase-characteristics of the UHE signal 
etc.), it will be more prudent to treat this as an upper limit on the 
rate of decrease of Cyg. X-3 UHE flux. The 'evidence* presented here 
needs to be examined by dedicated experiments that are currently in 
progress as it has crucial implications on Cygnus X-3 UHE photon emission 
process as also on the nature of the source (pulsar?) responsible for 
this flux. 
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VARIABILITY IN THE HIGH ENERGY GAMMA RAY EMISSION FROM CYG X-3 

OVER A TWO-YEAR PERIOD (1983-1984) AT E > 4 x 10 U eV. 

M.F. Cawley*, D.J. Fegan*, K. Gibbs^, P.W. Gorham^, 

R.C. Lamb\ D.F. Liebing^, N.A. Porter*, V.J. Stenger^, 
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T.C. Weekes , and R.J. Williams . 

1. Physics Department, University College Dublin. 

2. Harvard-Smithsonian Center for Astrophysics. 
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4. Physics Department, Iowa State University. 

1. The Data Base . The data base on Cygnus X-3 has been accumulated 

during the period between April 1983 and September 1984 using the 

Cherenkov camera described in a companion paper (Cawley et al 1985, 
paper 0G9.5-4). The source was observed for almost 100 hours using both 
ON/ OFF tracking scans and long tracking runs (with no comparison "OFF" 
observations). The quality of the data was determined using standard 
statistical tests (see, for example, Danaher et al 1981); observations 
deemed acceptable for inclusion in the final data base are summarised in 
table 1. As the camera system evolved somewhat over the observational 
interval, the data base does not represent a homogeneous set of 
observations and the data categories in table 1 were analysed 

individually. Calibration procedures applied to the data prior to 

analysis are described elsewhere (paper 0G9.5-4 this conference). 

TABLE 1 


Category Observational Observation hours coincidence camera 



Interval 


Mode 

on source 

requirement* : 

status 

1 

April -May 

1983 

ON/OFF 

13.17 

3/7 

19-pixel 

2 

June 

1983 

ON/OFF 

10.88 

3/7 

19 

ll 

3 

Oct-Nov 

1983 

ON/OFF 

9.22 

1/7 

37 

u 

4 

Nov-Dec 

1983 

ON/OFF 

4.47 

1/7 

37 

M 

5 

April -May -June 

1984 

ON/OFF 

4.58 

1/7 

37 

M 

6 

April -May -June 

1983 

Tracking 

9.48 

3/7 

19 

II 

7 

April -May -June 

1984 

II 

10.17 

1/7 

37 

U 

8 

August-Sept 

1984 

M 

21.82 

2/19 

37 

M 

9 

June 

1984 

Tracking 

16.87 

4/ 7 

7_ 

II 




TOTAL 

100.66 




* 

Coincidence requirement: 

n-fold out of 

N pixels 





2. Data Analysis . In accordance with the data reduction procedure 
outlined in the companion paper (Cawley et al , 1985), each category in 
table 1 was initially subjected to simple software trigger and 
threshold cuts (to eliminate very small fluctuation-dominated events) 
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and to a variety of total brightness (shower energy) cuts. These data 
categories were then folded modulo the 4.8h X-ray period using the 
ephemeris of van der Klis and Bonnet-Bidaud (1981). Light curves for 
each category are displayed in Fig. 1; categories 1 to 8 have been 
subjected to a 2/7 software trigger (demanding 45 + 15 photoelectrons 
in at least 2 of the inner 7 tubes) while category 9 has had no 
software cut applied to it and simply represents the raw data as 
obtained with a four out of seven hardware threshold. Only the 
category 3 data shows a significant effect (4.5 o at phase 0.6) while 
the remainder of the data is compatible with zero emission from the 
source at all phases. The data was then subjected to a variety of 
selection criteria based upon (i) Monte Carlo simulations of the 
Cherenkov images produced by gamma rays and protons and (ii) empirical 
optimization of the effect observed in the category 3 data. These 
tests were applied with two aims in mind: firstly, to see if the 
effect observed in the category 3 raw data set might be enhanced by 
application of a selective algorithm designed to isolate gamma ray 
type events and secondly, to see if any other effects might become 
apparent in any of the other categories. Referring to the imaging 
criteria outlined in Cawley et al (1985) the following tests were 
applied to each Cherenkov image with a view to enhancing the gamma ray 
si gnal : 

(1) test for size and shape: some simulations indicate that the gamma 
ray images are more compact than their proton counterparts, 

(2) test for orientation: some simulations indicate that gamma ray 
images show preferential orientation towards the centre of the field 
of view, 

(3) tests based upon combination of both 1 and 2. 

An improvement in the effect (over the complete lightcurve) was 
obtained for the Oct/Nov 1983 data by selecting compact showers 
irrespective of orientation; the net effect was increased from 3.7 
to 5.2 o and the peak at phase 0.6 was seen to broaden considerably 
(Fig. 2). It should be noted however that while this selection 
method was based on Monte Carlo predictions, it was optimized on this 
particular data. The same selection criteria applied to the rest of 
the data did not reveal any hidden effects. Similarly, cuts based 
upon shower orientation were not seen to improve the effect or reveal 
new effects. 

The category 9 tracking data, taken in June 1984, was unique in 
that the data was acquired during the period of the full moon. The 
observation formed part of a collaborative effort to simultaneously 
monitor Cygnus X-3 over a wide range of the electromagnetic spectrum. 
Measurements were made in the infrared, radio, X-ray and VHE gamma ray 
bands and also with air shower arrays at energies E >10 ,s eV. Due to 
the lack of UV sensitivity in the 37 pixel camera a cluster of 7 one- 
inch photomultiplier tubes were used in conjunction with a UV filter 
to observe Cyg X-3 under full moon conditions, at a threshold energy 
of 2 x 10 13 eV. The raw data was subjected to five different software 
thresholds based upon selection of showers with progressively larger 
light content and therefore greater energy. A significant effect was 
found for one of these selections which rejected 95.6 % of the raw data 
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giving an event rate after thresholding of 0.23 nf in comparison with 
a projected average zenith rate in the raw data of 6 events m _l . A 
phase-optimised 10-bin plot is presented in Fig. (3) showing a 4.6 o 
effect at phase 0.6. The significance diminishes for smaller total 
intensities, in contrast with trends observed in the Oct/Nov 1983 
data. Also data taken using the conventional 37 element camera in the 
weeks immediately prior to this June 84 observation fail to show any 
effect. 

3. Conclusions . Cygnus X-3 has been observed to be emitting gamma 
rays with energies in excess of 4 x 10 11 eV during two out of 9 
observational categories over an 18 month time span. The emissions are 
observed at the 0.6 phase of the characteristic 4.8hr light curve for 
this binary system. We estimate a peak flux at phase 0.6 of 5 x 10 -10 
photons cm -2 s -1 at a software threshold of 8 x 10 11 eV for Oct/Nov 
1983. A flux for the June 84 effect cannot be reliably calculated at 
present due to lack of Monte Carlo simulations for the energy range 
and spectral region. For the other 7 observational categories the 
observations are consistent with zero source emission. The light 
curve would appear to be variable on a time scale of a couple of weeks 
at these energies. Attempts at optimising the gamma-ray light curve 
through the selective application of imaging routines have been 
moderately successful. Selection of compact images in accordance with 
recent Monte Carlo simulations (Turver 1983, Hillas 1985) combined 
with empirical optimization techniques have led to an enriched gamma 
ray light curve for the Oct/Nov 1983 data. Selection on the basis of 
shower orientation, however, has not led to any notable enhancement of 
the gamma rgy content. It may well be that the fixed spacing in our 
camera (0.5 ) is too coarse to fully exploit the predictions of the 
Hillas simulations (1985). With a significantly smaller spacing the 
simulations predict that individual Cherenkov images can be reliably 
sorted on an event by event basis into either proton-induced or 
photon-induced showers. The observations reported preliminarily by 
r Clear et al (1983) for May 1983 showed marginal significance (3.1 a ) 
and efforts to enhance this signal on the basis of recent simulations 
have not been successful . 

• The successful observation of Cygnus X-3 during a period of 

full moon using UV sensitive phototubes in conjunction with selective 
optical filters represents an encouraging advancement of the Cherenkov 
technique. This offers the potential of extended observations on 
suspected time variable sources. 
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Light curve for Oct/Nov 1983 data 
after selection of compact showers 
12 phase bins. 


4.8hr light curves tor the 
corresponding data categories 
listed In table 1. The dashed 
lines Indicate 0 and ±2 sigma 
levels. 12 phase bins per plot. 


Light curve for June 1984 data. The 
events have been subjected to a software 
threshold described In the text. The 
phase bins have been shifted by 0.014 
phase to optimise the effect around phase 
0.6. 10 phase bins are used. 
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A SEARCH FOR GAMMA-RAY POINT SOURCES WITH "THE CARPET" 

SHOWER ARRAY 

V. V. Alexeenko , A . E . Chudakov ,N . S . Khaerdinov , A . S . Lidvansky , 

G .Navarra# , S . S . Ozrokov , V. V. Sklyarov , V . A . Tizengauzen 

Institute for Nuclear Research of USSR Academy of Sciences, 

Moscow, USSR 

# Institute of General Physics of University of Turin, Italy 

An experiment aiming at search for super-high energy 
gamma-ray point sources has been put into operation at 
Baksan Valley , Northern Caucasus. The well known source 
Cyg X-3 was observed first and preliminary results of 
data analysis are presented. There is no positive excess 
of showers from the source region, but phase analysis 
discovers a small pulse at phase 0.6 which corresponds 
to the integral flux (6 + 3) *10 -li *cm“ 2 sec -1 at Ey>3 • lO^eV. 

The X-ray source Cygnus X-3 was observed with Cerenkov 
light technique in TeV energy range (for a brief review see 
/l/)Recently results obtained with classical EAS method/2, 3, 
4/ have pointed out that spectrum of Cyg X-3 gamma-rays , pro- 
bably , extends up to 1015 eV.In this paper we try to confirm 
this result observing the source in energy range where up 
to now there were no data. 

Baksan air shower array consists of "the Carpet" in the 
centre and 6 outside detectors at distances 30 and 40m(fig. 
l).Four hundred 0.5 m 2 _scintillators of the Carpet are divi- 
ded in four groups (J -iY) feeding the four-fold coincidence 
circuit with output counting rate 50 per sec. This signal 
is used as starting pulse for time measurement of delays of 
outside detectors .Time measurement system has a compensation 
of pulse hight dependence of delays. The step of delay measu- 
rements is 1 nsec. 

Each outside detector consists of 18 scintillators (total 
area 9 m 2 ).Four of them (1,2, 5, 6 in fig.l) in coincidence 
with four-fold signal of the Carpet give trigger pulse for 
the recording. The energy thresholds are: 0.3 of the pulse 
hight of. a penetrating particle for each quarter of the Car- 
pet T-JV ,and ~1 penetrating particle for outside detectors 
1,2, 5, 6. The counting rate of the trigger ~0.8 per sec. 

Fig. 2 presents calculated energy spectra of showers for 
this trigger and for different indices of power law gamma- 
ray spectrum: y=2.71 and X =2.0. Median energies of distribu- 
tions of fig. 2 are indicated by arrows. They are equal to 75 
and 300 TeV. 

Angular resolution of shower arrival direction measure- 
ments was estimated using the distribution of experimental 
value A - (T1-T2 )- (T5-T6) , where Ti - the delay of detector 
number i.Fig.3 presents this distribution for one day of ob- 
servation, r.m. s . of it <* = 5.2 nsec corresponds to angular re- 
solution 1.2°. 

The Cyg X-3 observations have started in July 1984 and 
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in this paper we present preliminary results of analysis of 
242 days data sample. The source was observed 5 hours per day 
(±2.5 h from culmination) and total number of registered sho- 
wers exceeds 3 *10°. Counting rate from the cell centered on 
the source position and having the form of a circle with ra- 
dius 2.5° in equatorial coordinates was compared with the 
rate of 4 off-source cells of the same form and size, but 
shifted by ±5° along </ and S' .After correction of data for 
atmospheric pressure and angular distribution of showers, the 
signal N C yg and mean background N^Ca quarter of total coun- 
ting rate of four off-source cells) were determined. Both we- 
re phase-analysed then using ephemeris from / 5 / . 

The ratio N C yg/Nb is presented versus phase in fig. 4. It 
can be easily seen, that there is no absolute excess from 
the Cygnus cell, mean value of Ncyg /Nb is equal to 0.992±.008. -> 

Nevertheless, there is slight positive excess (3*6 & in 12th 
bin) in phase curve (fig. 4) near the phase 0.6. 

The value of gamma-ray flux and typical energy of recor- 
ded showers both depend in our case on the proposed spectral 
index of the source. As extreme values we used j=2. 71, typical 
for cosmic rays near the Earth, and b =2.0, which seems to be 
in approximate accordance with different experimental data 
(see, for example , / 4 / ) .For both of them we present in fig. 5 
upper limits of gamma-ray flux derived at 95$ confidence le- 
vel from the fact of absence of absolute excess without pha- 
se analysis. 

Also shown in fig. 5 is the point estimated from phase 0.6 
excess using ^=2.0 only (median energy 300 TeV).The obtain- 
ed flux is Iy(>E) = ( 6 ± 3)*10 - i4 cm -2 sec"i .This point 
seems to be in disagreement with the results of other expe- 
rimental groups, especially that of Kiel group /3/> where the 
threshold energy is by an order of magnitude larger, but the 
value of flux is of the same order as ours. 
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A(nsec ) 

Pig. 3 Distribution of 
difference of differen- 
ces of delays for one 
day of observation 


X-ray phase 

Fig. 4 

The ratio of counting rate in 
Cyg X-3 cell to the mean of 4 
"off-source" cells versus phase 


Taking into account the absence of absolute excess we 
have to conclude that obtained so far Baksan experimental 
data do not give a good confirmation of the very existence 
of high energy gamma-ray flux from Cygnus X-3. 

We plan to accumulate more data on Cyg X-3 and to look 
at other potential sources also. 
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CYG X-3: NOT SEEN IN HIGH-ENERGY GAMMA RAYS BY COS-B 

W.Hermsen 1 , K. Bennett 6 , G.F.Bignami 2 , J.B.G.M.Bloemen 1a , R.Buccheri 3 , 
P.A.Caraveo 2 , H. A.Mayer-Hasselwander 4 , M.E. Ozel b , A. M.T. Pollock c , 
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The Caravane Colaboration for the COS-B satellite: 
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c Department of Space Research, University of Birmingham, Birmingham, 
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1. Introduction. Cyg X-3 is a very peculiar source, studied over the 

entire electromagnetic spectrum. Considering here the high-energy end of 
its spectrum the source has been found to be modulated with its 

characteristic 4.8 h period in the hard X-ray band up to 200 keV (e.g. 
13), and in the very-high-energy gamma-ray range ('vIO 11 to 10 14 eVj 
e.g. review 6), and the ultra-high-energies (above 10^ 4 eV; e.g. 8,14). 
However, the experimental status regarding the detection of high-energy 
( % 5x10 7 -5x10 9 eV) gamma rays from Cyg X-3, modulated with its 

characteristic 4.8 h period, is confusing. The first claim of a 
detection of periodic emission at high-energy gamma rays from Cyg X-3 
was based on only 15 excess counts (E > 40 MeV) over an expected 
background of 47 counts collected during two balloon flights 3 . This 

result was confirmed by the SAS-2 team 5 for energies above 35 MeV. 

However, analysis of successive COS-B observations of the Cyg-X region 
(E >50 MeV) did not reveal the source 1 > 4 > 15 , while the X-ray detector 
aboard COS-B detected Cyg X-3 to be in a high state of activity during 
some of the observation periods^. In this paper we summarize the 
results obtained from a more sensitive analysis of the complete COS-B 
data on Cyg X-3. 

2. Analysis and Results. COS-B had Cyg X-3 within its field of view 

during 7 observation periods between 1975 and 1982 for in total 300 
days. In the skymaps (70 MeV<E < 5000 MeV) of the Cyg-X region produced 
for each of these observations and in the summed map, a broad complex 
structure is visible in the region 72° ^1 ^ 85°, |b| ^ 5° (see e.g. 

Mayer-Hasselwander et al. 9 ). No resolved source structure is visible at 
the position of Cyg X-3, but a weak signal from Cyg X-3 could be hidden 
in the structured gamma-ray background. Therefore, the data has been 
searched for a 4.8 h timing signature, as well as for a source signal in 
the sky map in addition to the diffuse background structure as estimated 
from tracers of atomic and molecular gas. 

a) Timing analysis. The arrival times of gamma-ray photons (70 MeV < E < 
5000 MeV) originating from a small region around the position of Cyg X-3 
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Figure 1 : Phase histogram of the 

arrival time , folded modulo ^ 4.8 h 
period y of gamma rays with energy 70 
MeV < E < 5000 MeV originating from a 
small region centered on Cyg X-3. 
Data from 7 COS-B observations are 
used. The average level is indi- 
cated. 


0 0.5 1.0 
Phase 

have been folded using an ephemeris derived from the COS-B X-ray data by 
Van der Klis and Bonnet-Bidaud 1 7 . The gamma-ray photons are selected 
using the background- sensitive selection algorithm proposed by Ozel and 
Mayer-Hasselwander 1 1 • This algorithm optimizes the signal-to-noise ratio 
taking into account the COS-B instrumental point- spread function and the 
structure measured in the surrounding sky region , both as a function of 
energy. In order to verify that the background levels in the phase 
histograms (20 bins) are flat for each observation, also background 
samples have been folded with the 4.8 h period. For each observation 
period the phase histograms for the background samples and the 'source* 
samples were statistically consistent with flat distributions ( see Table 
1). Therefore, only upper limits on the modulated emission could be 
determined. For these flat distributions these upper limits are 
primarily a function of the expected duty cycle. We have calculated 
upper limits for three cases: the phase interval 0.05-0.85 (I) over 
which the X-ray emission has been detected, and the phase intervals 
0.20-0.30 (II) and 0.50-0.70 (III), in which detections of a signal from 
Cyg X-3 has been reported at very-high-energy and ultra-high- energy 
gamma rays. Table 1 gives the 2 a upper limits for the single 
observations and for the combined data. Figure 1 shows the corresponding 
combined light curve. The upper limits are for the X-ray phases (I) one 
order of magnitude below a power-law interpolation between the 
very-high-energy data points and the X-ray results, and for the 
ultra-high-energy phases two orders of magnitude below this 
interpolation (e.g. 14). 

Table 1: Reduced x 2 values for 20-bin phase histograms for back- 
ground (bg) and f source f (s) samples and 2o upper limits 
(ph crrrZ s~^) to the modulated (4.8 h) flux (70-5000 MeV) from Cyg 
X-Z for the three phase intervals given in the text . 


Obs. 

Epoch 

v 2 

^2 

I 

II 

III 

number 

of measurement 

^ bg 

x S 

(10 -6 ) 

(10“ 7 ) 

(10~ 7 ) 

4 

75/11/28-75/12/24 

0.69 

0.80 

1.8 

3.0 

2.8 

22 

77/06/08-77/07/15 

1.05 

1.87 

2.2 

4.3 

4.6 

36 

78/11/03-78/12/11 

0.76 

0.31 

1.6 

3.9 

3.8 

51 

80/05/14-80/06/24 

1.21 

0.73 

2.7 

4.6 

2.4 

55 

80/10/17-80/11/04 

1. 11 

0.75 

3. 1 

0.9 

5.0 

60 

81/06/03-81/07/24 

0.79 

1.22 

2.7 

1.9 

2.2 

63 

81/11/03-82/02/18 

0.64 

0.50 

1.0 

2.5 

0.4 

Total 
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Figure 2 : Gamma-ray 

intensity (E>500 MeV) 
distributions in the 
Cyg-X region. Contour 
levels: 4 3 6 3 . . 3 12 3 14x 

10~5 photon crrT s s~* 
sr~l 3 first step in 
grey scale at 2xl0~ & 
photon crrrZ s“ 2 sr ~ 2 . 

a) Measured by COS-B. 

b) Estimated from the 
total gas distribution 
using HI and CO data. 
■; Position of gamma- 
ray sources 1% not 
explained by the gas. 
x; Cyg X-3 position. 


b) Spatial Analysis. The COS-B team has shown that the structured 
emission in the Cyg-X region can be explained as being the sum of (i) 
diffuse emission from the interaction between relativistic cosmic rays 
and the total-gas distribution and (ii) two pointlike sources which 
cannot be explained by the gas distribution ^ 2 (see Figures 2 and 3c). 
Figure 2a shows a contour plot of the gamma-ray intensities in the Cyg-X 
region for energies above 500 MeV (the highest COS-B energies with the 
best angular resolution) . 

A combination of HI measurements with the recent Columbia large- 
scale CO survey (ref's in 2,12) allows a detailed estimate of the 
diffuse emission above which any sources appear (see Figure 2b). Using 
Bloemen et al's 2 model of the diffuse emission we have used a likelihood 
method^ 2 to test the presence of a point source at the position of Cyg 



Figure 3: a) Normalized COS-B 
( thick) and SAS-2 ( thin) 
histograms (E > 100 MeV; 
isotropic background levels 
are subtracted 3 for SAS-2 
from 7 3 16). Thick curve: sum 
of the expected diffuse 
gamma-ray emission and that 
from two sources^. Thin 
curve: diffuse emission only, 
b) Contourplot of source 
intensities contributing to 
Fig. 3a. x ; Cyg X-3 position. 
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X-3, in addition to the total structure due to the diffuse emission and 
the two sources. The analysis was performed for the total COS-B data set 
in three energy ranges, treating the intensity of each component as free 
parameters. No evidence for the detection of Cyg X-3 was found; Table 2 
gives 2 a upper limits to the total flux. 

3. Discussion. The COS-B upper limits are significantly lower than the 
flux of (4 . 4±1 . 1 )x1 0“6 photon cm”^ g~1 for energies above 100 MeV 
reported from SAS-2 (Lamb et al. 5 ). Lamb et al. identified in their 
analysis the total excess in the Cyg-X region with Cyg X-3, and, in 
addition, they claimed the total gamma-ray flux to be modulated with the 
4.8 h period. However, the CO data (see Figure 2b) indicate that a 
significant fraction of the gamma rays are due to diffuse emission. 
Comparing the SAS-2 distribution with that measured by COS-B, we find no 
evidence for an excess in the SAS-2 case due to variable, modulated 
emission from Cyg X-3. Since there appears to be a systematic difference 
between the COS-B and SAS-2 absolute intensities in this region, the 
SAS-2 intensities being systematically lower as was already noticed by 
Mayer-Hassel wander 1 0 , we normalized the total SAS-2 intensity measured 
in the longitude interval 60°<1<95° to that of COS-B. This comparison is 
shown in Figure 3. The shapes of the two distributions are evidently 
consistent, and the absolute levels agree everywhere within the ' v 1cr 
level. The conclusion which may be drawn from this comparison is, that 
in the total gamma-ray excess in the Cyg-X region, measured by COS-B and 
SAS-2, no contribution can be identified from Cyg X-3 at the flux level 
reported from SAS-2. 

Table 2: 2a upper limits to the total time-averaged gamma-ray flux 

from Cyg X-3 using the complete COS-B data . 


Energy range 

2a upper 

limit 



70-150 

MeV 

7. 5x10 -7 

photon 

cm“ 2 

s-1 

150-300 

MeV 

6.5x10“ 7 

photon 

cm*" 2 

s -1 

300-5000 

MeV 

4 .5x10 -7 

photon 

cm“ 2 

s” 1 
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Two experimental groups [1,2] working at different minimum 
energies have reported underground muons coming from the direc- 
tion of Cygnus X-3 with rates that vary in synchrony with its 
binary period. At the Mont Blanc detector [2] the events are, 
within statistics, uniformly spread over a 5-degree circle 
around the position of Cygnus X-3, even though the angular 
resolution is significantly better than this. The ratio of 
events in the phase peak to total muons observed rises as a 
function of minimum muon energy. The Soudan experiment also 
sees an excess in the number of pairs of cod i rect i ona 1 
multiple-muon events arriving within about 5000 seconds of each 
other, the excess events coming from a direction about 20 
degrees away from Cygnus X-3. [3] 

Cygnus X-3 is at least 10 kpc from Earth. Charged parti- 
cles cannot travel this distance and maintain the required 
coherence in direction and time. If these events were caused 
by neutrons with enough energy to reach the earth from this 
distance their flux would be easily observable in high-energy 
cosmic rays, where they have not been seen. Similarly, gamma 
rays are ruled out as primaries because there are too many 
muons observed for them to have been generated by an acceptable 
number of gammas [4] (unless gammas at high energies have 
unexpectedly high probabilities of producing muons). Neutrinos 
are eliminated as a possible primary by the substantial zenith- 
angle dependence of the experimental rates. Therefore, if the 
effect is real it must be caused by some rather exotic primary. 

The muons in the peak arrive within a rather narrow time 
period, approximately half an hour. Maintaining this time 
correlation gives another constraint on the particles. The 
time delay between the arrival of two particles which left 
Cygnus X-3 at the same time is 

L*( Yf 2 - Y 2 " 2 )/(2 c) . 

Since this time difference cannot exceed half an hour, the 
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primaries must either be nearly monoenergetic or else the 
Lorentz factor must exceed 10. As one increases the minimum 
energy of the observed particles, the last particles must be 
arriving earlier and the width of the peak should get smaller 
if the mass is near the limit. There is even some indication 
of such a tendency in the data. [1,2] If the underground signal 
is due to muons produced in the atmosphere, the minimum energy 
per parent hadron must be sufficient to produce muons that can 
penetrate to the detector. Unless the energy is much greater 
than this minimum, the above constraint on the Lorentz factor 
then requires the mass of the parent to be less than or of 
order 1 GeV. It is difficult to believe that a long-lived 
particle of this mass, capable of producing muons in atmos- 
pheric interactions, would have been overlooked in accelerator 
experiments. 

One possibility that we have suggested [5] is that the 
parent primaries might be nuggets of quark matter. There are 
theoretical reasons for believing that such objects might exist 
and be stable for certain ranges of mass. [6] Furthermore, they 
might be produced in high energy processes around a compact 
quark star. One would then expect comparable numbers of up, 
down and strange quarks. Some fraction of such nuggets would be 
neutral and thus a possible signal-carrier. A high content of 
strange quarks would lead to enhanced kaon production in the 
atmosphere and thus to a relatively high yield of muons. Quark 
globs of the right mass could penetrate deep in the atmosphere 
and explode to give rise to Centauro events. [7] A specific 
version of a stable ensemble of quarks has been suggested some 
time ago which could be relevant in the context of underground 
signals from Cygnus X-3. [8] This is the di-lambda, a bound 
dihyperon state of 2u, 2d, and 2s quarks. 

Hillas[ij] has pointed out that the surface air shower 
signal from Cygnus X-3 puts a significant constraint on models 
which would produce the muons by interactions of nucleon-like 
objects in the atmosphere: Assume such parent "nucleons" are 
bound in aggregates of mass number A. These particles will 
also produce air showers. To be consistent with the observed 
air shower signal, dF f /dE, one then requires 

f°° 

Cyg X-3 underground signals Jn^E* ) [dF surface /dE]dE, 

A P/A 

where is the number of muons per primary of total energy E 
that have sufficient energy to penetrate to the detector. The 
differential surface flux is roughly 4xl0 -8 /E 2 cm _2 s -I GeV _ ^. 
Using an Elbert formula [9] for underground muon yield from 
incident nuclei [10], we find a bound on the underground signal 
from Cyg X-3 of 1.3xl0 -6 (E GeV )'“ 2 cm -2 s _1 , where E GeV is the 
minimum muon energy for the underground detector. For Soudan 
(E Ge v =650 ) this bound is 3xl0“ 12 cm -2 s -1 and for Mont Blanc 
(E G ev =3400 ) 10 -ii cm 1 s“ 1 . In contrast, the reported signal at 
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Soudan is about 7 x lO -11 . A flux is not stated for the signal at 
Mt. Blanc, but an estimate can be obtained from a comparison of 
signal /background ratio with the background flux of single atmos- 
pheric muons in the angular region around Cygnus X-3. Such an estimate 
gives of order 10“11 cm“2 s -l. Thus the underground signal appears 
to be at least a factor 20 too high to be induced by nucleons . Con- 
versely, the parent hadrons must be at least 10-20 times more prolific 
at producing muons relative to air showers than nucleons are. In view 
of the quark matter suggestion (for which kaon and hence atmospheric 
muon production should be enhanced), we ran the cascade simulation of 
Ref. 10 for incident lambda hyper ons , forcing production of a leading 
kaon at each lambda interaction. The muon production was enhanced by 
a factor less than two relative to nucleons, so even in this case 
there is a problem of consistency with the surface air shower fluxes. 

A conceivable way out is to arrange the interact ion length of the 
parent to be comparable to or greater than the thickness of the atmos- 
phere so that production of the signal occurs too low for air shower 
production (i.e. mostly in the Earth). In this case, however, muon 
production must be prompt. 


One can in principle use the energy-dependence of the signal im- 
plied by the different depths of the experiments to determine whether 
the muon production is prompt or atmospheric via pion and kaon decay. 
In the latter case the signal should be suppressed by an extra power 
°f ®GeV as the depth increases due to time dilation of the parent 
piofis and kaons. If the spectrum of the carrier from the source is 
E_2 (differential) one would expect the ratio Soudan/NUSEX under- 
ground signal =5 for prompt and = (5)2 for atmospheric pion and kaon 
decay. The ratio of the observed fluxes quoted above is closer to 5, 
but the analysis is riot conclusive because we have not taken account of 


the complex variation of the overburden in the line of sight to Cygnus 
X-3 as it passes across the sky at Monte Bianco. 
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ABSTRACT 

We here consider implications of having super-Eddington accret- 
ion for our recently proposed unipolar induction model of cosmic 
ray acceleration in accreting binary star systems containing mag- 
netic white dwarfs or neutron stars. For sufficiently high 
accretion rates and low magnetic fields, the model can account 
^ acceleration of cosmic ray nuclei up to energies of 
10 eV; (2) production of more or less "normal" solar cosmic 
ray composition; (3) the bulk of cosmic rays observed with 
energies above 1 TeV, and probably even down to somewhat lower 
energies as well; and (4) possibly the observed anti-proton 
cosmic ray flux. It can also account for the high UHE gamma-ray 
flux observed from several accreting binary systems (including 
Cygnus X— 3) , while allowing the possibility of an even higher 
neutrino flux from these sources, with L v /L y ~ 10 2 . 

Int roduc t ion . VHE(>10^ 2 eV) and UHE(>10^ eV) gamma— ray emission has 

been reported from the x-ray source Cygnus X-3. Four binary x-ray sources 
(LMC X-4, Vela X— 1, Her X-l and 4U 0115 +63) have also been reported as 
VHE or UHE gamma-ray sources (cf. ref. (1) for a summary of results up 
unt *l February, 1985) . The nature of Cygnus X— 3 is unclear, but owing 
bo its many similarities with other "normal" accreting binary x— ray 
sources, we assume that it is a mass transfer binary system with a 4.8 
hour orbital period, and exhibiting phenomena associated with mass trans- 
fer from a more-or-less normal star onto a magnetized neutron star. 

Though some longer periods have been associated with the source, no short 
time scale behavior indicating an underlying neutron star rotation period 
has been reported. 

In reference (1) , we proposed a model for the acceleration of par- 
ticles to high energies in accreting binary systems containing magnetic 
neutron stars or white dwarf companions of a normal star. The physical 
basis of the present model (originally suggested by Lovelace (2) as a 
model of particle acceleration by accreting black holes in galactic nuc- 
lei or quasars) is the idea that unipolar induction operating in an 
accretion disc can lead to a large potential drop across the disc. This 
can then lead to acceleration of particles (protons, electrons or nuclei) 
to high energies when they traverse the region containing the potential 
drop. Details of the electrodynamics are, admittedly, obscure. How is 
the electrical circuit" closed? Why isn't the induced electric field 
shorted out? Is the current flow steady or is it variable, with short 
lightning —like discharges? And so on. Nonetheless, the simplicity of 
the model, combined with the apparent facts to be explained and the lack 
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of any viable alternative model for particle acceleration in these systems 
has prompted us to examine further aspects of the model, even in the 
absence of a completely self-consistent picture of the electrodynamics 
(in much the same spirit as pulsar theorists who, 15 years after the dis- 
covery of pulsars, persue the analysis of pulsar phenomena in the absence 
of a consistent electrodynamic pulsar model.) 


2. Unipolar Induction Model. The potential drop produced across the disc 
is given by 


V = - 


(GM) 

c 


lnCr^/r^). 


( 1 ) 


Here M is the mass of the accreting star, B z is the z component the disc 
field (Bj-, 0, B z ), and r^ and are the inner and outer disc radii. The 
inner disc radius is taken to be the Alfven radius 


r i = 1*8 x 10 8 B 12 3 4 * * / 7 R 6 10 / 7 (M/H o ) 1 / 7 L 38 - 2 / 7 .cm. (2) 

Here* B, R, and L are the surface magnetic field, radius and total accret— 
ion luminosity associated with the neutron star in cgs units as indexed* 
Not all of this luminosity will appear as accelerated fast particles* It 
can also be liberated as bulk gas motion (e 0 g 0 in a jet perpendicular to 
the accretion disc, as is observed in both Cygnus X— 3 and the peculiar 
object SS433) and radiation* Clearly the particle luminosity Lp ar ^ must 
satisfy Lp ar t < (GM/r^M = LR/r^, since particles can only begin to accel- 
erate at the inner edge of the accretion disc. The maximum particle lum- 
inosity can be found by assuming the "resistance" of the "circuit" is c“ x , 

^part,max " ” c ® z 2 (r 1 )r 1 (lnCr^/r-^)) 2 * (3) 

The above relations can be combined to form a scaling law for the dep- 
endence of the potential drop V (or maximum accelerated particle energy 
W * qV)on the accretion luminosity L (which is proportional to the 
accretion mass transfer rate M) and on the (assumed dipolar) neutron 
star surface magnetic field 

w max * b_3/? L 5/7 - (4) 


This result implies that for a given magnetic field strength, provided 
that r^ > R, the higher the accretion rate, the larger the maximum par- 
ticle energy which can by attained, and the higher the total particle 
luminosity. Is there a limit to the energetic output of such systems? 

3. Super-Eddington Accretion . In general, accretion flows in binary 

sy terns have been assumed to be Eddington limited. The resulting accret- 

ion luminosity LRd is determined solely by the mass of the accreting ob- 

ject, M, the cross section for absorbing radiation (in the case of photons, 
simply the Thompson cross-section cr^) and physical constants: Lg^ - 
4'ircGMmp/a'r -1.3 x 10^® (M/M^) erg s — This result depends on two factors. 
First, that the accretion is spherically symmetric. Second, that the 
accretion produced luminosity leaves the source in the form of photons. 

In the present case, however, with disc accretion and with acceleration 
of protons, neither of these assumptions holds. A detailed "proton- 
Eddington" limit depends on unknown geometrical factors, as well as 
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numerical integration of the (energy dependent) inelastic proton-proton 
scattering cross section over the (unknown) accelerated proton cosmic- 
ray spectrum. A crude estimate of these factors can be gotten by taking 
°pp ~ 60 mb, and assuming that the disc occupies no more than a ster— 

adian (and/or the accelerated particle beam encounters no more than 1 
steradian solid angle of incoming accretion material). Then, taking the 
neutron star to have M - 1.4 M 4 , one finds ^Ed, proton “ 10 1 * 1 erg's -1 , 

Observationally, how does this fit in with Cygnus X-3? First, it 
should be noted that the total already observed electromagnetic flux 
from Cyg X-3 (mostly x-rays and gamma-rays) is comparable to the photon 
Eddington limit. While this may suggest an Eddington limited accretion 
flow, it does not allow for any inefficiency in the radiation processes 
of the system, or the possibility of major mass outflow. Both of these 
a PPly> however, in this case. First, the only suggestions to date which 
can account for the observed UHE gamma-ray flux depends on proton-proton 
produced pion decay gamma-rays. Such a process (even neglecting sub- 
sequent photon absorption) is only about 10% efficient. Second, there 
does appear to be a radio jet emanating from the system, and some models 
of this (radio) jet suggest that the energy required for this outflow 
(as in the similar system SS433) is greater than 10 39 erg s -1 (J. Grindlay, 
private communication). Third, measurements of the (assumed) orbital 
period variation over time indicates that £ .7 » 10 -9 . To convert this 
to a mass transfer rate requires a knowledge of the star masses involved 
(unknown at present), and whether the system is a wind or accretion driven 
flow (also not known). Nonetheless, for roughly solar mass stars and 
assuming that no more than half the mass transfer leaves the system, one 

ha fn that ~ I? 6 “ 1° -5 M g-y r-1 > implying an accretion luminosity of 

10 tU - HT 1 erg s -i . 

One further observation has bearing on the question of the possibility 
of super-Eddington accretion. Ling et. al. (3) have reported the possible 
detection of an x-ray cyclotron line from Cygnus X-3, implying a surface 
magnetic field of order 10^ gauss* This result is apparently somewhat 
uncertain. If correct, however, in the present model it requires that the 
accretion rate be of order 10~ 6 M e yr -1 , in order for a potential of order 
10 volts (required to produced the observed 10 16 eV gamma-rays by pion 
decay) to be achieved. With such a strong field, it should be noted that 
only a few percent of the accretion luminosity can be converted to fast 
protons (because of the large resulting value of r^, and that most of the 
energy must be released in the form of a jet. On the other hand, for a 
somewhat weaker field (say 10 10 gauss), with such a high accretion rate, 
both the maximum potential and total particle luminosity will increase 
over the values suggested in reference (1). 

-h: Neutrino Binaries. In the present model, we can also compute the 

fluxes of photons and neutrinos resulting from cosmic ray proton collisions 
with ambient gas. Two remarks are in order here. First, the production 
rate of each depends both on the total column density of gas encountered 
by the acclerated protons, and on the density of the gas. For too high a 
gas density, the produced pions can lose energy before they decay, thus 
reducing the resulting neutrino flux. For a high gas column density 
(>50 gm/cm 2 ) the resulting gamma-rays can also be absorbed. Therefore, the 
production spectrum of both gamma-rays and neutrinos depends critically on 
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the assumed mass distribution. We have considered interaction with the 
accretion stream for Cygnus X-3, and find the following: for B s 10~ 5 M Q 
yr~ l and L ~ 10 41 erg s~\ the density of the gas in the accretion stream 
is low (p < 10~ 8 gm cm ~ 3 ), while the column density can be as much as 
X - 100 - 300 gm/cm 2 . Thus, while the pions can decay into photons and 
neutrinos (and electrons), much of the produced gamma-ray flux can be 
absorbed by the accreting gas, leading to neutrino to photon ratios as 
high as 10 2 - 10. However, the total resulting particle (and therefore 
gamma-ray and neutrino) flux from Cygnus. X-3 depends on the magnetic 
field strength as well. For B *10 13 gauss, we find V Tnax * 3 x 10*^ volts 
and Lp art>inax - 2 x 10 38 erg s"* 1 ; while for B - 5 x lO^gauss, we find 
V max ~ 6 x 10 18 volts, and Lp art>max - 10 41 erg s" 1 . A simultaneous 
measurement of the gamma-ray ancl neutrino fluxes at comparable (say TeV) 
energies, therefore, can uniquely determine the magnetic field strength 
in this model. (Of course neutrino production .in the companion stellar 
atmosphere is also likely and would complicate such a comparison.) 

5* Origin of Cosmic Rays. Finally, we note that accreting magnetized 
binaries offer the possibility of accounting for many of the observed 
properties of cosmic rays. We list these without detailed comment here. 
(1) For the parameters listed above for Cygnus X-3, iron nuclei can 
be accelerated to energies of greater than 10^® eV. If the most energetic 
cosmic rays can be nuclei rather than protons, their energies can easily 
be accomodated by the model discussed here. (2) The total luminosity 
in our galaxy for all cosmic rays of energy greater than lO^* 2 eV is about 
10 J erg s" . Even in the strong field model above, Cygnus X-3 can alone 
provide all (or a significant fraction) or these particles. If the 
spectrum extends to even lower energies (due to pp collisions on leaving 
the source as suggested by Hillas (4)), such sources may account for even 
more of the cosmic ray flux down to lower energieso (3) The composition 
which results from such electrostatic acceleration of accreted normal 
stellar material should (depending on ionization and other details) more 
closely reflect "normal solar" composition than, for example, shock accel- 
erated cosmic rays from supernovae. (4) The present picture can lead to 
the production of a substantial secondary anti-proton flux from p-p 
collisions in the accretion stream* Whether these can the be decelerated 
to produce the observed anomalously high .1-1 GeV antiproton flux rem- 
ains to be seen. 
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RELEVANCE OF THE OBSERVATION OF UHE y'S TO 
HARD X-RAY ASTRONOMY 
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ABSTRACT 

A number of consequences of the presence of sources of UHE 
y-rays, exemplified by Cygnus X-3, are examined. It is shown 
that there should be a flux of hard X-rays at all Galactic 
latitudes; a significant flux of extra-galactic hard X-rays 
may also result. Relevance to theories of cosmic ray particle 
origin and propagation is discussed. 

~ — — .^auction. The observation of ultra high energy y-rays from 
Cygnus X-3 and other Galactic sources has a number of implications for 
cosmic ray Physics. Here we deal with the production of a halo of hard 
X-rays round the Galaxy due to the electron pairs produced in y-y 
collisions and extragalactic consequences. 

— Galactic _ hal ° X-rays . As is well known, the mean free path for 
^° lllS ^° ns of UHE Y-rays with the microwave radiation photons is of 
the order of Galactic dimensions. Typically, the values are.res- 

^and^ fi ir° r e t ’ f^ 2 ’ 93 * (the P resentl Y preferred temperature), 

• pc for E y - 10 eV and 17 and 15 kpc for E v = 10 16 eV. The 

that Y ~ rays in this en ergy range will generlte e + e~ pairs in 
the halo and these will in turn generate hard x-rays by synchrotron 
radiation m the Galactic magnetic field. 

do.- W d ^ Ve examined the Phenomenon in detail (Rana et al., 1984) and 
the ca t predicted energy spectrum for b = 90° shown in Figure 1 for 
the case where there is just one UHE y-ray source (of the 1978 strength 
of Cygnus X-3) in the Galaxy at any one time, insofar as the frequent 

thev^orobahl ^ S ° UrCeS is unknown th e predictions are imprecise but 
th £ ly * e P resent an order of magnitude estimate (we bear in mind 

that the much larger path length for source + electrons + earth compared 

hiah + Sarth meanS that the source (s) responsible for the 

high latitude X-rays were probably not Cygnus X-3 itself) 

Unambiguous observations of a high latitude hard X-ray flux are not 
yet available but some preliminary observations by Ubertini et al 
(1983, and private communication), shown in Figure 1, are tantalising 

addedT'T f J ard . X 7 ray - the region predicted Jf 

added weight to the initial assumptions, viz. ubiquity of the '3K'" 

radiation, frequency of Cygnus X-3 •outbursts' and the existence of 
y-y interactions. 

observation ITvtT ° f the universalit y of the 3K radiation, the recent 
observation of UHE y-rays from LMC X-4 (Protheroe and Clay, 1985, 
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E x (keV) 

Fig. 1. The predicted X-ray in- 
tensities at b=90° for just one Cyg 
X-3 like source, the remaining 
line spectra refer to the measure- 
ments of Iwan et al. (1982). 1. 

The preferred spectrum from Iwan 
et al . themselves (kT=9keV) . 

2. Spectrum (1) displaced downwards 
in intensity to be consistent with 
our earlier estimate of the in- 
tensity in the range 2-10 keV 
(Sadzinska et al., 1983). None of 
the "observed" spectra can be 
trusted above 50 keV in that the 
highest energy band in the experi- 
ments was 6-60 keV. The shaded area 
represents a possible flux detected by 
Ubertini et al. (1984). 


private communication) would, 
according to our calculations, 
suggest that this source must 
be emitting an order of 
magnitude higher in the 
integral flux in the 10^-10^ 
eV range than in the 2-11 
keV X-ray range. This implies 
the average slope of the un- 
attenuated differential 
spectrum to be about 1.8, 
which is roughly the same as 
that of Cyg X-3, indicating 
that the origin of UHE y-rays 
in such exotic binaries, ir- 
respective of their immediate 
galactic environment, may have 
a common physical basis; if 
understood properly, 

the mystery of the origin 
of cosmic rays at ultra high 
energies might be elucidated. 

3. Relevance to extragalactic 
observations . The compara- 
tively large mean free path for 
y-y interactions, particularly 
the 10* s of kpc for Ey^xlO^eV 
and few 10-*- 6 eV means that UHE 
y's provide a way of trans- 
porting electrons considerable 
distances from a central 
source other than by diffusion 
with its attendant losses. 

There may be relevance to the 
situation in galaxy clusters 
here. 

Turning to the observed 
isotropic flux of hard X-rays 
and y-rays the products of UHE 
y-rays might be a significant 
contributor for the following 
reason. The output of our 


UDertiIU Galaxy in y-rays from cosmic 

ray interactions in the ISM is probably % 4 x 10 38 erg s" 1 above 100 MeV 
(Worrall , 1977) and the output from Cygnus X-3 (in 1978, at least) was 
probably only about a factor 10 smaller. When we realise that there 
are probably other strong (as yet unresolved) sources in the Galaxy and 
that the sources seem to have flatter spectra (differential exponent 
^ 2) than the CR particle spectrum (exponent above 1 GeV tending to 
about 2.7) the Cygnus X-3 type sources probably dominate above 1 GeV. 

The net result is that extragalactic sources of UHE y-rays probably 



100 


OG2.2-6 


give the biggest contribution to the extragalactic y-ray flux in this 
energy region. 


In fact, observations have not yet been made of an extragalactic 
diffuse flux above about 200 MeV but if the present arguments are 
correct the spectrum at higher energies will be observed to flatten 
significantly. 


Even in the 100 MeV region, where as is well known (e.g. Strong and 
Worrall 1976) normal galaxies fall short of explaining the observed 
diffuse extragalactic flux by a factor of about 20, a significant 
enhancement may result from the cascading of UHE y-rays in the 3K rad- 
iation field. If active galaxies have both an excess of low energy 
y-rays and even more dramatic UHE y-ray sources the diffuse extra- 
galactic flux will be explained rather easily. 
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Fig. 2. Time variability of the Cyg 
X-3 flux in different energy ranges: 
radio, X-rays, and three energy ranges 
of y-rays, after Rana et al . We have 
added, for 1982, the mean of the most 
recent measurements from Akeno, Baksan 
and Haverah Park. 


4. Cosmic ray particle origin . 

It has been pointed out 
by many authors that the 
energy involved in Cygnus X-3 
y-rays (% 2 x 10 37 erg s~^ 
during 1978) is so high that 
if, as seems very likely, the 
y-rays are produced by initial 
protons the protons will con- 
tribute considerably to the 
cosmic ray particle flux. 
Insofar as the proton energy 
input in the Galaxy as a 
whole required to produce the 
whole of the observed cosmic 
rays is probably a few times 
lCn°erg s~ the energy going 
into protons needs to be 
about 10 3 times the 1978 y- 
yield of Cygnus X-3. 

There are a number of 
possibilities, of which two 
can be mentioned. 

(i) Cygnus x-3 may be alone 
responsible, with a high 
proton output and low 
efficiency (% 10"" 3 ) , for 
conversion p+y, the long term 
average being the 1978 value. 


(ii) Cygnus X-3 may be a variable source, the average output being 
lower than seen in 1978, and either the efficiency being higher than 
10~ 3 or, if low, other as yetj^cEetected Cygnus X-3-type sources being 
alive in the Galaxy at present. There is, in fact, some evidence 
favouring variability in the output of Cygnus X-3 at a variety of 
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wavelengths (Figure 2) . 

The observation by Protheroe and Clay, already referred to, of 
UHE y's from LMC X-4, in which the source appears to emit at about ten 
times the 1978 emission from Cygnus X“3ycan be indicative of single 
isolated sources yielding singularly high y-ray and thus proton yields. 
Perhaps Cygnus X-3 goes through such phases from time to time? 

The possibility of a small number of sources being responsible 
for the energetic cosmic ray protons at any one time raise a number of 
interesting problems, apart from the manner in which the protons 
achieve their energy. One such is the magnitude of the observed anis- 
otropy of arrival directions. There is much scope for future work. 
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500 TeV GAMMA RAYS FROM HERCULES X-l 
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ABSTRACT 

A signal (chance probability - 2 x 10 -4 ) with the 1.24 s 
period of Hercules X-l has been observed using the Utah 
Fly's Eye. The signal's relatively long period and high 
shower energy conflict with some popular models of 
particle acceleration by pulsars. Optical and X-ray 
data suggest a picture in which energetic particles 
produce multi -TeV y-rays by collisions with Hercules 
X-l 's accretion disk. 

1. Introduction. A detection of TeV y-ray emission by Hercules X-l 
has been reported by Dowthwaite et al . (1984). We have studied the 
same object at much higher energies by detecting Cerenkov flashes from 
atmospheric air showers. The use of the Fly's Eye to search for ultra- 
high energy y-rays has been described elsewhere (Boone et al . 1984). 

The 67 mirror units and 880 photomultiplier tubes of Fly's Eye I recor- 
ded Cerenkov flashes which triggered 6 or more tubes. This selected 
showers with energies above about 200 TeV, with mean energies near 500 
TeV. The angular resolution radius is about 3.5°, therefore a 7° 
square target region was used centered on the direction of Hercules X-l. 

2. Observations and Data Analysis. The only nights for which 

Hercules X-l was visible and the detector was recording Cerenkov data 
were July 10-14, 1983 (UT). Expected rates within the target region 
(if y-ray emission were absent) were found by observing rates in 
regions outside the target region in the same declination strip. The 
total number of showers recorded in the target region was 301, with an 
expected number of 271.9. This amounts to a 1.8a excess. A more 
significant result is obtained by a test for periodicity in the data. 
Because Dowthwaite et al . (1984) observed very sporadic emission from 
Hercules X-l, the data from the 5 nights were analyzed separately. 

The shower arrival times were corrected for the motion of the X-ray 
source in its binary system and adjusted to the solar system barycenter 
using results from Deeter, Boynton, and Pravdo (1981). The pulse 
period was obtained from 1983 May X-ray satellite results by extra- 
polation, using the period and period derivative given by Nagase et al . 
(1984). The period used to fold the data was 1.2377872 s. Although 
the X-ray data obtained a period, an absolute phase determination was 
not possible. Our choice of phase is arbitrary. 

A x 2 test was applied to the distribution of phases within the 
~1.24 s period, or light curve. Using 10 phase bins the data were 
compared to a constant background prediction. To remove effects of 
arbitrary bin boundaries, four x 2 values were obtained for each data 
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set by uniform shifts of the phase bin boundaries. Then the 
maximum x 2 * was selected. This procedure prevented a narrow signal 
from being split between adjacent bins and thereby diminishing its 
apparent significance. Of the 5 nights, only 1983 July 11 had a 
statistical ly significant % 2 . Next, the data from that night were 
divided into two equal parts and it was observed that the signal was 
present only in the data taken in the earlier part of the night. The 
light curve for this case is shown in Figure 1. An excess is present 

in only one 



Fig. 1 


Phase dependence of the shower arrival times. 
The dashed line is the expected number. 



Fig. 


2 The x 2 dependence on the period used to fold 

the data. The arrow marks the period 

obtained from Nagase et al . 1984. 


bin. The 
uncertainty 
in the back- 
ground is very 
small and the 
Poisson proba- 
bility for 
excess counts 
to be due to 
background 
fl uctuations 
is found to 
be 7 x lO" 7 . 

The number 
of tries used 
in getting 
this result is 
the product of 
the number of 
bins (10), the 
number of phase 
increments (4), 
and the number 
of data sets 
tried (5 nights 
and 2 half 
nights). This 
gives 280 
tries, yielding 
a chance 
probability of 
2xl0" 4 . 

3. Results . 

A fixed value 
of the period 
was used while 
performing the 
X 2 tests 
described 
above. Figure 
2, however. 
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shows the x 2 as a function of the period. The x 2 is quite specific in 
preferring a period near that of Nagase et al . (1984). Since the 
signal was received during a relatively short 40 minute interval, the 
period measurement is crude compared with other experiments. The 
barycentric time at the center of this time interval was JD 2445526.719. 
This corresponds to orbital phase 0.66 (Deeter, Boynton, and Pravdo 
1981) and 0.63 in the 35 day period (Delgado, Schmidt, and Thomas 
1983). The orbital phase is such that the companion star, HZ Herculis, 
was not near the line of sight to the pulsar. It was therefore not 
positioned so that the edge of its atmosphere could serve as a target 
or converter to produce high energy y-rays from energetic protons. 

The approximate y-ra y flux was estimated using the signal shown 
in Figure 1. The resulting flux is 3.3±1.1 x 10-l 2 cnr 2 s-’. This is 
the (apparently sporadic) flux observed in the first part of the 1983 
July 11 data. It is the average flux within the 1.24 s period. The 
uncertainties given above are statistical, only. Using a distance of 
5 kpc for Hercules X-l and assuming the y-rays are emitted isotropi- 
cally, the P eak observed luminosity above 5 x lO 14 eV is about 
10 37 erg s _1 . This value is close to the total luminosity estimated 
for the system (Bradt et al . 1979). 

4» Discussion. The charged particles which produced these y-rays 
must have energies above 10 15 eV. Given the relatively long rotational 
period (1.24 s) of Hercules X-l, this energy exceeds the maximum 
expected from Hercules X-l according to certain acceleration models. 

The magnetic field in the vicinity of the pulsar surface is 
3-5 x 10 12 Gauss (Triimper et al . 1978). According to the models of 
Goldreich and and Julian (1969), and Cheng and Ruderman (1977), the 
maximum energy of produced particles would be about 2-3 x 10 13 eV. 

If we assume the model of Gunn and Ostriker (1969) and allow particles 
to be accelerated from the speed of light cylinder radius out to the 
companion star, the maximum energy is near 10 13 eV. Some models, 
however, do predict sufficiently high energies from this system (Kundt 
1983, Chanmugam and Brecher 1984). 

Optical (Delgado, Schmidt, and Thomas 1983) and X-ray (Parmar et 
al. 1985) data from Hercules X-l were taken during the time interval 
of our observations. Hercules X-l displays a 35 day cycle of X-ray 
intensity variations in addition to the 1.24 s pulsar period and the 
1.7 day orbital period. High emission normally occurs during about 10 
days of the cycle. During 1983 June to August, however, Hercules X-l 
remained at levels < 5 % of the normal peak intensities. This might 
suggest that X-ray production did not occur during this time. This 
conclusion is not supported by optical observations made in 1983 June 
and August. These show the normal (~1.5 mag) variation of the 
optical emission in the 1.7 day orbital cycle. This variation is 
attributed to extra emission due to X-ray heating of the side of the 
companion star which faces the X-ray source. The optical variability 
implies that X-rays were being produced during this interval. The 
conclusion of Parmar et al . and Delgado, Schmidt, and Thomas was that 
the accretion disk may have thickened and blocked the line of sight to 
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the earth for X-rays originating near the neutron star. 

If energetic protons are produced near the neutron star, then 
the occulting material mentioned above may have served as target 
material for the generation of ultra-high energy %° mesons which 
decayed to produce the energetic y-rays. The resulting y-rays are 
essentially parallel with the parent protons. The y-rays could be 
produced reasonably efficiently by column thicknesses of 5-200 g/cnT 2 , 
which would absorb keV X-rays very effectively. Such a model may be 
rejected in the future if ultra-high energy y-rays are detected 
simultaneously with X-rays. If the model is correct the y-ray emission 
by Hercules X-l may occur only during unusual conditions. 

Although the signal reported by Dowthwaite et al . (1984) was at 
much lower energy and was not simultaneous with our signal, our result 
is supportive of their conclusion that TeV y-rays are produced by 
Hercules X-l. 
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12 

An outburst of gamma-rays with energies E > 10 eV was 
recently detected from the X-ray pulsar HercXtles X-l. The 
outburst had a 3 minute duration and occured at a time during 
the 35 day X-ray modulation that is associated with X-ray turn- 
on. The gamma-rays also have the same 1.24 second modulation 
that is observed at X-ray energies Subsequently a 40 minute 
outburst was detected at E >10 eV. We show how the 
interaction of ultra-high energy particles with a precessing 
accretion disk can explain the observed gamma-ray "light" 
curve • We also discuss the constraints one can place on 
acceleration mechanisms and the possibility that the UHE 
particles are accelerated by shocks in an accretion flow. 

1. The Higher Energy "Light" Curves . Recently an outburst of very high 
energy (VHE) gamma-rays, E ^ 1 TeV, was detected from the Hercules X-l sys- 
tem. 1 The 3 minute outburst was modulated with a 1.24 second period. 
Subsequent monitoring of the system at ultra-high energies (UHE) by the Fly's 
Eye 2 yielded evidence for a 40 minute outburst of gamma-rays with energies 
E > 100 TeV. This UHE outburst also exhibited a 1.24 second modulation and a 
narrow duty cycle, ^10 % of the period. In this section we discuss how these 
outbursts might arise. 

Hercules X-l is considered by many to be the prototypical binary X-ray 
pulsar. The x-ray flux displays periodic variations with timescales of 1.24 
seconds, ~1.7 days and ~35 days. 3 The two shorter periodicities are 
interpreted as being due to rotation and occultation of an accreting neutron 
star that is located in a close binary system. The unusual 35 day flux 
modulation has an X-ray light curve that is composed of an 11-day high 
intensity state and a 19-day low intensity state that is interrupted midway 
between the 11-day high states by an intermediate high state (intensity ^40% 
of main high state) of 5-day duration. 3 * 4 The favored explanation for this 
modulation is that it is produced by the varying aspect of an inclined 
accretion disk that precesses about the X-ray pulsar. 5 * 6 Nominal parameters 
for this system are a disk inclination of 30°, a disk thickness of 25°-45°, 
and a line of sight that is ~3° below the orbital plane. 4 In this picture, 
the 19-day low state occurs when our view of the pulsar is obscured by the 
accretion disk and the 11-day high state occurs when our view is unob- 
structed. The intermediate high-state is believed to occur when our line of 
sight nearly grazes the disk and is partially obscured by the disk's corona. 

An interesting feature of the high energy gamma-ray outbursts is the 
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phase at which they occur during the 35-day X-ray modulation. The VHE 
outburst occured on 17 April 1983, 1 the nominal time for the onset of the 11- 
day high intensity state. On the other hand, the UHE outburst occurred at 
phase 63. This epoch corresponds to the middle of the period when 

the intermediate high state is normally observed. It is intriguing that both 
outbursts occur at a time when our line of sight is grazing the accretion 
disk. 


An attractive explanation of these observations is provided by a 
geometric "beam dump" model, in which the accretion disk serves as the beam 
dump. It is related to the model we developed for Cygnus X-3. 8 The idea is 
that UHE particles are accelerated in a corotating region near the pulsar and 
then stream outward to interact with the surrounding accretion disk. 
Energetic gamma— rays will then be detectable when the beam of particles 
crosses our line of sight and interacts with a column thickness of material 
that is comparable to the particle's radiation length. A larger column 
thickness would obscure the photons and a smaller thickness would be 
inefficient as a converter. In the Her X-l system this condition is best met 
at the onset and decline of the X-ray high states when our line of sight is 
grazing the precessing accretion disk. In fact, the VHE outburst did occur at 
the nominal time for the onset of the 11— day X— ray high state. However, the 
production of the UHE outburst during a phase normally associated with the 
center of the secondary X-ray high state would require a thickening of the 
disk in order to yield sufficient target along our line of sight. The failure 
of the EXOSAT X-ray satellite to detect X-ray high states, while optical 
variability attributed to the reprocessing of X-rays continued, led a number 
of authors 9 ’ 10 to independently conclude that the disk was significantly 
thicker during this period. " J 

2. Acceleration Efficiency . One of the more remarkable aspects of the 
gamma-ray observations of Her X-l is the efficiency that it implies for 
particle acceleration in the system. Taking, as a conservative estimate, the 
UHE photon energies to_ be E»lxl0 eV, the reported time averaged UHE photon 
flux of 3x10 cid s ) ^ and the duty cycle of 0.1, we derive a peak energy 
flux of 3000 eV/cm . Keeping in mind that the conversion efficiency for UHE 
particles to photons is only about 10%, we estimate that UHE particles (E>10*-> 
eV) are produced about 10 times more efficiently than X-rays! This estimate, 
which assumes Isotropic emission, can be tempered somewhat if the gamma— rays 
are beamed more than the X-rays. A liberal estimate of the beaming factor can 
be made by assuming that the fattest part of the beam passes through our line 
of sight. The solid angle of the beam is then irxlO” , and the beaming factor 
is ir/4 x 10 . We conclude that the UHE particle luminosity is at least 25% 
or so of the X-ray luminosity. 

This sets strong constraints on models of particle acceleration. For 
example, acceleration scenarios that invoke the rotational energy of the 
accretion disk 11 encounter the difficulty that for Her X-l parameters, which 
include a surface magnetic field of 4xl0 12 gauss, the inner radius of the 
accretion disk is located at more than 300 stellar radii. It is difficult to 
see how more than about 1/300 of the total energy budget could be channeled 
through rotation of the accretion disk. The fact that the UHE and VHE 
emission has the periodicity of the neutron star's rotation further supports 
the notion that the energy that goes into the UHE particles is liberated close 
enough to the neutron star that the infalling material corotates with it. 
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The high efficiency associated with shock acceleration makes it an 
attractive possibility for particle acceleration in Her X-l system. The shock 
need not occur at the neutron star's surface for the mechanism to put much of 
the released gravitational energy into UHE particles; all that is needed is 
that much of the pressure in the post-shock material that settles on the 
surface be in the form of UHE particles that are trapped in the flow. 
However, our understanding of shock acceleration enables us to place strong 
constraints on models that invoke it. This is the subject of the next 
section. 


3. Constraints on Shock Acceleration 
particle with mass M, energy Ep=yMc , 
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, The synchrotron loss timescale for a 
and charge Ze is given by 

— (- r ~) 2 ( 1 ) 

Z M 
e 


where B is the magnetic field strength in the region. The time required to 
accelerate a relativistic particle to energy Ep by shock acceleration is 

W = <«y /(p s 2c) ( 2 ) 

where R is the gyroradius (R =yMc 2 /(ZeB)), £R g is the mean free path (5-1), 
and £ g c is the shock velocity. The maximum energy to which a particle can 
be accelerated by a shock, even in the absence of synchrotron losses, is given 
by: 12 

E , a — • e ZeBR (3) 

a TT s 


where R is the radius of the shock, which must be less than the size of the 
region. This limit comes from the fact that particles with energies greater 
than E^ can diffuse away from the system within the acceleration timescale. 
Stipulating that the acceleration must be faster than the synchrotron loss, 
and combining this limit with equation (3), we find that the maximum energy 
Y Me to which a particle can be accelerated within a compact region of size R 
is given by 


'm 


1<H5> 


RM .1/3 


2 

Z r m 
o e 


(4) 


where r Q is the classical electron radius. 


If the shock velocity is taken to be the free fall velocity at a radius R 
from the neutron star, V ff =(2GM*/R) 1 ' then individual particle energies as 
high as 9xlO®Mc2 Rg-'° are possible, (where R = Rg x 10~ & cm). This Is 
sufficient to account for the UHE emission from Her X-l. 


A final constraint is that the Alfven Mach number of the shock must be 
high if much of the energy is to go into the highest energy particles. That 
is 


2 .. B 
P u » ~ 
s s 


8tt 


(5) 


where p s is the preshock fluid density. If p s is fixed by the condition that 



1 18 


OG 2.2-8 


P S » S (»R 2 ) -S--V 

(ec ) 


( 6 ) 


where M is the accretion rate, and e is the conversion efficiency from 
accreted .j^ss t^y^umipjOsit^ L, this constrains the magnetic field to be less 
than 8 L^g Rg 10 gauss, and R to be less than 10° cnu The 
synchrotron loss limit also constrains B to be less than 7xl0 21 £y ^ gauss. 
We see then that the model demands that the magnetic field within the 
accretion column be much less than the surface field of the neutron star. 
This is reasonable because the accreting material is a good conductor and is 
likely to make its way between field lines of the neutron star on its way to 
the surface. Alternatively, one could invoke a shock at 10 to 50 neutron star 
radii, where the field strength of the starts magnetosphere ranges from 10^ to 
10* gauss. 


4. Discussion . We have proposed that the UHE emission reported from Her X-l 
is generated by particles that interact with the surrounding accretion disk. 
The model predicts that high energy gamma-ray outbursts should occur prefer- 
entially at the onset and decline of the high-intensity x-ray states. A 
fraction of the gamma— rays may be generated within the accretion column. The 
relative contribution of these two targets depends on the y-y opacity. 
Acceleration by an accretion shock can account for the highest observed gamma- 
ray energies, but not by a wide margin. Detection of photons at 10 16 eV or 
higher would rule out accretion-shock acceleration. Detections at ~10 16 e V of 
other sources are better explained by ft shocks in relativistic winds where 
8 - 1/4, R > 10 cm, yielding y^ > 10°. 

This research was supported in part by NSF grant AST-83-17755 
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Hercules X-ls Pulsed y-rays 
Detected Above 150 GeV 

M.F. Cawley 1 , D.J. Fegan 1 , K.G. Gibbs 2 , P.W. Gorham 3 , S. Kenny 1 , 

R.C. Lamb 4 , D.F. Liebing 4 , N.A. Porter 1 , V.J. Stenger 3 , T.C. Weekes 2 

1. Physics Dept., University College, Stillorgan Rd., Dublin 4, Ireland 

2. Harvard-Smithsonian Center for Astrophysics, Whipple Observatory, 

P.0. Box 97,Amado, Arizona, 85645-0097 

3. Dept, of Physics and Astronomy, University of Hawaii, 

2505 Correa Rd., Honolulu, Hawaii, 96822 

4. Dept, of Physics, Iowa State University, Ames, Iowa, 50011, USA 

1. Introduction. The 1.24 second binary pulsar Her X-l, first observed in 
x-rays in 1971 by UHURU (Tananbaum, et al 1972) has now been seen as a 
sporadic y-ray source from 1 TeV up to at least 500 TeV (Dowthwaite, et 
al 1984; Baltrusaitis, et al 1985). In addition, reprocessed optical and 
infrared pulses are seen from the. companion star HZ Herculis 
(Middleditch, Pennypacker, and Burns, 1983). Thus measurements of the 
Her X-l/HZ Herculis system span 15 decades in energy, rivaling both the 
Crab pulsar and Cygnus X-3 in this respect for a discrete galactic 
source. 

In both of the previous reported observations of y-rays from Her 
X-l, the photons were detected by observing the extensive air showers 
produced by interaction with the upper atmosphere. In April 1983, 
Dowthwaite, et al,(1984) observed a burst of emission lasting 3 min. which 
may have been associated with a transition of the pulsar from the x-ray 
low flux state to a high flux state in the 35 day cycle. About 1 month 
later the satellite Tenma observed Her X-l in a high-flux state 
(Nagase,et al 1984a). Initially they found the pulsar light curve to be 
similar to previous observations; however, during the latter part of the 
observation, the flux became strongly diminished and the pulses began to 
slip in phase, arriving progressively earlier at a rate of about 18 ms/hr 
(Nagase, et al, 1984b). Thirty-seven days after the Tenma observation, 
EXOSAT was unable the detect Her X-l in an expected high flux state, and 
approximately eight 35 day cycles elapsed before the high state was seen 
again (Parmar, et al, 1985). 

During mid- July 1983, early in this extended x-ray low state, the 
Fly's Eye detector in Utah observed a flux of pulsed y-rays of E > 500 
TeV from Her X-l during a 40 min. interval (Baltrusaitis, et al 1985). We 
observed Her X-l during the spring of 1984, soon after the cessation of 
the extended x-ray low state. We have found, at the 99.98% C.L., strong 
periodic emission of similar character to that reported by Dowthwaite, 
et al (1984). In addition, comparison of EAS images from the direction of 
Her X-l with those of background regions indicate with 98% confidence 
that the emission persists at a weaker level throughout the ~30 hour data 
set, although we cannot yet estimate what fraction of this may be pulsed. 

2. Observations. The F.L. Whipple observatory 10 meter reflector was used 
to observe Her X-l during four successive moonless periods from March- 
June 1984 (see Cawley, et al, 1985, OGG 9.5-4, for details of data 
aquisition and techniques) . The observing sequence included a 28 minute 
ON-source segment, preceded or followed by an equal length background 
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segment which covered the same range of elevation and azimuth as the 
source run. Times of arrival of extensive air shower (EAS)-initiated 
events were digitized to 1 pisec, with a WWVB clock providing an absolute 
reference, Q to a precision of about .5 msec. The data include 37 pixel 
images (.4 per pixel) of each shower which can be used for independent 
selection of possible y-rays out of the sample; this will be discussed 
further below. 

Because of possible short 
time-scale variations of the 
period such as those found 
by Nagase, et al (1984b) we 
searched each 28 min data 
run individually for 
evidence of 1.24 sec 
pulsation. The times were 
first corrected to the solar 
system barycenter, using the 
formula of Deeter, Boynton, 
and Pravdo (1981), which was 
checked against a much more 
accurate method and found to 
produce no error greater 
than 50 ms. An estimate of 
the Fourier power spectrum 
for each 28 min run was then 
made in the neighborhood of 
the 1.24 sec period using a 
periodogram technique (see 
Scargle, 1983). In two of 
the periodograms , on 4 April 
and 5 May, 1984, a peak was 
seen near the x-ray period 
as derived from a concurrent 
EXOSAT ephemeris (Trumper, 
et al 1985). In each case 
the peak power was about 
seven times the mean noise 
power level. In addition, 
the run on 5 May was 
preceded by two other runs 
with similar peaks of lower 
amplitude. When the entire 
time series for that night 
was analyzed, the 

power level of the peak increased to about 12 times the noise power 
level, indicating that the emission was persistent throughout that 
night's observation, reaching a maximum level near the end of our 
observing period. Fig. la shows the periodogram for that night's data 
with spectral power converted to probability as prob = exp(-P(w)) 

(Scargle, 1983) .The vertical dashed lines show the range of Doppler shifts 
that are possible for the orbital velocity of Her X-l. The chance 
probability at the peak power is 8 x 10" 6 , which is reduced to an overall 
chance probability of 2 x 10"\ by multiplying in the number of 

observing nights (24). Figure lb shows the periodogram for the background 
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Fig. 1: (a) Periodogram for data from nloht of 
5-May- 1984, orbital phase .53-. 61 The vertical 
dashed lines indicate the range of possible 
Ooppler shifts for Her X-l over one orbit, (b) 
periodogram for off-source data, taken alter- 
.nately with on-source data. Arrows mark expected 
x-ray period. 




121 


OGG 2.2-9 



PERIOD (SEC) 


Fig. 2: Periodogram for a single 28 min run on 
4-Apr-84, and Its associated background run (shown 
In dashed lines). The vertical dot-dash lines ind- 
icate the range of possible Doppler shifts for 
Her X-l over one orbit. This run was at orbital 
phase 0.42. Arrow marks expected x-ray period. 


runs, which were taken 
alternately with the on- 
source runs, making it 
difficult for any spurious 
systematics to go 
undetected. The non- 
statistical noisiness and 
sidebands in the spectrum in 
fig. la appear to be due to 
the uneven sampling, which 
causes power at the 
fundamental to "leak" off to 
other frequencies (Deeming, 
1975; Ferraz-Mello, 1981). 
Thus we have not attempted 
to assess possible Doppler 
shifts in the periods, since 
our signal-to-noise ratio is 
not high enough to assure 
the required accuracy in the 
period determination using 
the periodogram method. 


Fig. 2 shows the periodogram for the run on 4 April, with the 
background periodogram shown in dashed lines. The emission on this night 
appears to be confined to a single 28 min. interval, during which it 
appears to be uniform. This run was the last of the night, so we cannot 
say if the emission persisted beyond this observation. The increased 
width of the peaks here is due to the shorter observation time. Although 
the statistical significance of this observation is much less than that 
of 5-May-84, the similarites in the emission duration and flux, and the 
light curve support its inclusion in this report. 


Using the 37 pixel pulse-height information for each EAS event, we 
employed imaging techniques (see Hillas, 1985, OGG 9.5-3; and Cawley, et 
al,1985, OGG 9.5-4; this proceedings) to enrich the y-ray/bkg. fraction 
in our data before determining the average light curves. Fig. 3 then 
shows the light curves when the data are folded at the most probable 
period for each run (both of which were within 1 a of the expected 
period). The absolute phase is arbitrary, since existing x-ray 
epheme rides were not sufficiently accurate to preserve absolute phase up 
to our observing epoch, or over the month separating the observations. 
The dashed line gives the mean background level after the image cuts were 
applied to the off-source data as well. The time-averaged fluxes are 
estimated to be: 

4-Apr-84: F= (5.8 ± 2.1) x 10 photons cm ^ s~*. At > 28 min 
5-May- 84: F= (6.6 ± 1.2) x 10“ 10 photons cm -2 s -1 . At > 3 hrs 
both for energies above 150 GeV. 
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Fig 3.(a),(b) Light curves for the 
dates shown, enriched data sample. 

Phases are arbitrary, and errors are 
statistical only. 

the low. If the observation were 
it could be associated with the 
edge of the accretion disk for 


3. Discussion. The orbital phase of the 
data taken on 5-May-84 was .53-. 61, 
and the emission appears to have 
Increased throughout the observation. 
The phase of the 4-April-84 data is 
.4 2. Thus there is no strong 
correlation in orbital phase with 
other y-ray observations (Dowthwaite, 
et al, saw phase .75; Baltrusaitas, et 
al, phase .66). Orbital phase 0.55 is 
associated (Crosa and Boynton, 1980) 
with the beginning of "anomalous dips" 
in the x-ray flux, occuring usually 
one or two orbits after the 35 day 
turn on. These are attributed to mass 
exchange events In which matter 
arriving from the companion star 
begins circulating around the 
accretion disk, gradually relaxing in 
scale height over approximately 20% of 
an orbit. The 5-May-84 observation was 
very near to expected 35 day turn-on, 
as extrapolated from EXOSAT and Tenma 
observations before the extended low; 
however, we are not aware of the exact 
phases after the cessation of 
concurrent with an anomalous dip event, 
availability of target matter above the 
high energy particles , which then 
The apparent variation and 


cascaded to form photon secondaries, 
transience of the emission could thus be explained by the changing 
column density of the target matter as it relaxed into the disk. We 
intend to further investigate any correlations with concurrent x-ray 
observations as reports of these become available. 
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HIGH-RESOLUTION SPECTROSCOPIC OBSERVATION OF VELA X-l 
IN THE HARD X-RAY ENERGY RANGE 

J. Tueller, T. L. Cline, and B. J. Teegarden 
NASA/Goddard Space Flight Center, Code 661, 

Greenbelt, MD 20771, U.S.A. 

Ph. Durouchoux and N. Prantzos 
CEN-Saclay, DPhG/SAp, 91191 Gi f-sur-Yvette, Cedex, FRANCE 

ABSTRACT 

We are reporting results of the first high- resolution (1.2 
keV FWHM) hard X-ray (> 20 keV) observation of Vela X-l. 

Data were accumulated during a 5-hour balloon flight 
launched in Alice Springs, Australia on December 5, 1984. A 
summed-epoch analysis yields a light curve (Figure 1) and 
period (283 sec) consistent with previous measurements*. 

Significant pulsations were present to an energy of 60 keV. 

No statistically significant features were observed in the 
energy spectrum (Figure 3) and the spectrum (Figure 2) is 
well fit (x 2 = 17.8 for 16 d.o.f.) by a simple exponential 
spectrum with an E-folding length of 10.8 ± 1.0 keV. 

1. Introduction. Vela X-l (4U 0900-40) is an eclipsing X-ray binary 
pulsar with a pulsar period of 283 sec and an orbital period of 8.96 
days 1 * . The hard X-ray spectrum is believed to reflect conditions near 
the surface of the neutron star, thus its measurement should provide 
constraints on the intrinsic emission processes active in this type of 
source. The observation of hard X-ray features in the spectrum of a 
similar source (Her X-l) has been interpreted as cyclotron emission in a 
5 x 10 12 gauss field near the pole of the neutron star. Although the 
hard X-ray spectrum has been measured by previous experiments 

(2, 3, 4, 5, 6), these experiments have had relatively poor energy 
resolution (> 10 keV) in this energy range. It was possible that a high 
resolution experiment might show features previously unresolved in this 
energy region. 

2. Experiment . The Low Energy Gamma Ray Spectrometer (LEGS) experiment 
uses an array of three 5-cm diameter high-purity germanium detectors 
with an effective area of 47 cm 2 over the energy range 20 keV to 80 keV 
and a constant energy resolution of 1.2 keV. A combination of passive 
and active collimation is used to achieve a field-of-view of 3.3° x 
6.7°. The background continuum is essential ly-flat over the relevant 
energy range at a level of 1.5 x lO"' 5 ph • cm"^ • sec -1 • keV . 

Details of the experiment are given in Ref. 7. 

3. Results. The source was observed for 4 hours divided into 20-minute 
intervals, alternating on-source and off-source by offsetting in 

azimuth. The source was not in eclipse; Pulsations were observed at a 
period of 283 seconds. The light curve (Figure 1) shows a simple double 

pulse structure previously observed at these energies (20 keV to 60 keV). 
No background subtraction has been performed in this summed epoch 
analysis. The background level determined from off-source pointings is 
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PHASE (period = 283 sec) 

Figure 1 

433 + 6 cnts. No evidence for energy dependence of the light curve was 
observed In our data. 

The phase averaged energy spectrum (Figure 2) was derived from 
source minus off-source spectra which were corrected for detector 
response and atmospheric absorption. The spectra were searched for 
narrow -line features by an automated routine. No features were observed 
at the 3 sigma level. Figure 3 gives the narrow-line upper limits 
derived. Since no narrow line features were observed, we are justified 
In binning the data In statistically significant energy bins. Figure 2 
shows the resulting spectrum. The solid histogram Is the count spectrum 
at the detector showing the effects of atmospheric absorption. The 
solid curve Is a. simple exponential (I * (I a /E) • exp(-E/E fftlH )) which 
Is a good fit to the data (x^ * 17.8 for 16 d.o.f.). Fit parameters are 
given In Table I as well as comparison values from previous measurements. 
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For comparison purposes, all normalizations have been converted to 
values at 30 keV where all the data sets overlap. 

4. Conclusions. We have no statistically significant evidence for 
structure In the spectrum of Vela X-l. Our results are In reasonable 
agreement with previous measurements considering the known variability 
of the source. 
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ENERGY (keV) 

Figure 3 

TABLE 1 

Hard X-ray Spectral Fits 


Differential Flux (30 keV) E fold 

_ (x 10" 3 ph.cm ■ 2 .sec" 1 .keV” 1 ) 

OSO 8(1976)2 ~ 3 18 * 2 

OSO 8(1?78) 3 1.5 - 3.2 10.1 t 1.4 

MPI/AIT(1978) 4 r ~ 5 10 ± 1 

HEAO A-2(1978) 5 ~ 3 16 ± 2 

HEAO A-4(1978) 6 2.4 * 0.2 14.0 * 1.8 

2.5 ± 0.2 10.1 ± 1.2 

This expt. (1984) 2.06 ± 0.14 10.8 ± 1.0 
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EXPERIMENTAL RESULTS ON GAMMA-RAY SOURCES AT E q = 10 - 10 eV 

(*) 

C.Morello, G. Navarra , L.Periale and P.Vallania 

Istituto di Cosmo-geof isica del CNR and 
(*)Istituto di Fisica Generale dell 'Universita, Torino, Italia 

1. Introduction. The detection of very high energy gamma ray sources 
has been reported in the last few years by means of extensive air show- 
er observations (Cerenkov light and EAS particle arrays); as reviews 
see (1) and (2) . 

The Plateau Rosa array for the registration of the arrival directions 
of extensive air showers is operating since 1980 and first results on 
Cygnus X3 have been reported (3,4). In this note we want to present 
the status of observations of Cygnus X3 (^4y) and of the Crab Pulsar 
(/v/ 2y, for which the ephemeris from radio observations are available). 

2. The experiment. The experimental equipment (5) consists of four li- 
quid scintillator detectors 1 m each, positioned at the corners of a 
rhombus (7x14 m diagonals, 8 m side). The array operates at an alti- 
tude of 1 ^500 m a.s.l.; the most probable detected primary energy is 
E =3 • 10 eV. The accurancy in the determination of the arrival 
direction of individual EAS is A'lp = 5.5 degrees at the zenith (timing 
error <5t=4.2 ns, mainly due to the thickness of the shower disk). 

Since Dec.’81 for all events the relative delays (t) between different 
scintillators ( A t=l nsec step) together with the absolute time (T) of 
the event ( A T=1 msec) are recorded. 

In order to avoid corrections due to the atmospheric absorption, pres- 
sure and temperature variations, the data are analyzed in ON/ OFF mode, 
* i.e.: the number of source events is normalized to the counting rates 

from two "OFF" sources located + 2.5 around the candidate, at the 
same declination. An event is assigned to a source if the deviation of 
» relative delays between different scintillators with respect to the 
theoretical one is |<5t|< 5.9 ns for which the best signal/noise ratio 
is expected. The arrival times of the events from the OFF sources are 
shifted ? 2.5 h in order that to equal arrival times correspond equal 
atmospheric absorptions. Data are analyzed around the source culmina- 
tion, up to 30° from the zenith, and only complete days of measurement 
are considered. 

3. Results. Cygnus X3 . The arrival times (corrected to the center of 
mass of the solar system) are folded following the ephemeris obtained 
from X-ray observations (6). The results are shown in Fig.l for the 
whole epoch ^l-'BS, and split into 1 year intervals (also the epoch 
Nov ' 80-Dec * 81 is shown, but, due to the insufficient recording system, 
the data are analyzed in a different way (4) , and therefore not 
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TAB . 1 




Epoch 

hours 

Nev ON 

(0N/0FF-1) 

* 2 

\ 

Phase 


meas. 

M 

[xio- 3 ] 

[l9 d.f. 

1 M 


11/80-12/81 

1078 

1.0 


35.9 

1.42+0.46 

0.32+0.05 

12/81- 1/83 

1177 

5.1 

3 . 59+1 . 71 

38.4 

0.62+0.24 

0.69+0.06 

1/83- 3/84 

1265 

5.8 

1 . 99+1 . 6 

8.0 

0.16+0.23 

0. 59+0.22 

3/84- 3/85 

990 

4.6 

-0 . 65+1 . 8 

25.8 

0.85+0.26 

0.39+0.05 

12/81- 3/85 

3432 

15.5 

1.74+0.98 

34.3 

0 . 33+0 . 14 

0.53+0.07 


included in the sum). The absolute excesses, the values of 
obtained by checking for uniformity the phase histograms and the 
amplitudes and phases of the first harmonics are shown in Tab.l (in 
order to check phase histograms similar to the X-ray light curve). 

We notice: 

a) the significance of the possible signal in '81-' 82 (c.l. 10~ 2 from 
the phase analysis and 2 icf from the absolute excess) is decreased 
when the data from '83- '84 are added; 

b) this might be partly due to different phases of the signal in dif- 
ferent epochs (in (4) we tried to analyze such phases in terms of a 34 
days modulation , that we cannot confirm); 

c) the possibility for the signal to be variable on year's and month's 
time scale has been suggested by other experiments (see e.g. 7,8); 

d) while the excesses seem to be located between phases 0.5 and 0.7 
there is an indication, before 1982, of a signal at phase 0.2-0. 3 as 
reported in (7,9,10); 

e) the overall effect would correspond to a flux (with primary proton 
spectrum S(E)=2-E cm s sr GeV X ) : 


0(E> 3 


■10 13 eV) 


^ 5-10 


-12 


-2 -1 
cm s 


Crab Pulsar. For obtaining a msec accuracy in the determination 
of the arrival _times we use a quartz thermostabilized oscillator 
(stability /v/ io ) and the detection of radio network signals for 
absolute timing and calibration of the oscillator (r.m.s. error includ- 
lng the 1 msec step (Jt^ 0.4 ms, the maximum systematic shift being 
° T 2 =i 1 ms ^* The arrlv al times corrected to the center of mass of the 

solar system ( dT g <0.7 ms) are folded following the Pulsar ephemeris 
obtained from radio observations (11) (max. error of our interpolation 
0 T 4 =0.2 ms) . 

The analysis concerns the data collected between Feb '82 and March '84 
corresgonding to 1268 h of effective observation, for a total of 
4.36-10 events within the source angular bin. No excess arises both 
from the absolute counting rate (0N/0FF=l+( 0.04+2) 10 3 ) and the phase 
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Fig. 1 


Phase histograms of the Extensive Air Showers from the 
direction of Cygnus X3» 
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Fig. 2 

Phase histograms of 
the Extensive Air 
Showers from the di- 
rection of the Crab 
Pulsar ("ON events", 
deviations from the 
mean) . 


analysis ( % =9.8 / 14 d.f., see fig. 2). The upper limits to the 

continuous and to the pulsed flux in phase with the main pulse 

observed at °ther wavelenghts, and of duration dT<2 ms, are (at 90% 

c • 1 • , E =3*10 eV) : ^ 

th _H _2 -1 

#> * 10 cm sec ; 

cont ’ 

- O in" 12 “ 2 - 1 

SP . «= 3 10 cm sec 
puls 
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1. Introduction . Since the development of gamma- ray 
astronomical telescopes, the Crab Nebula has been a prime 
target for observations. From 100 to 1000 MeV, the pulsar 
PSR0531 is the dominant source with a light-curve similar to 
that seen at lower energies; there is also some evidence for 
longterm amplitude variations but none for emission from the 
Nebula itself. In the very high energy gamma— ray region 
there have been reported detections of pulsed emission with 
longterm time variations from minutes to months (Gibson et 
al. 1982; Bhat et al. 1984; Grinalay et al. 1975). Recently 
a pulsed flux has been reported that persisted over a long 
time interval (Dowthwaite et al. 1984). Fazio et al. (1972) 
reported the detection of a flux from the Nebula at the 

3 o' level at energies of 3xl0lleV; there was no evidence of 
periodic emissions on any time scale during the three years 
of observations. Mukanov (1983) has reported the detection 
of gamma rays at energies > 2xlOA2eV at the 4.5 cr level 
from the vicinity of the Crab Nebula; since fast timing was 
not employed, it was not possible to tell if any, or all, of 
this flux was pulsed. 

Here we report a new measurement of very high energy gamma 
rays from the Crab Nebula using the imaging system on 
the Whipple Observatory 10m reflector. 

2. Observations. All of the observations were made with 
the full 37 element camera. The camera and operating 
procedure have been described elsewhere (this conference, 

OG 9.5-4). Only data taken on clear nights were accepted 
for this analysis; atmospheric and system stability were 
checked by comparing the minute-by-minute counting rates in 
each run. The observations were taken during the dark 
periods of Nov-Dec 1983, Jan-Feb, Oct-Nov 1984 and Jan-Feb 
1985. 

3. Results . In its simplest interpretation, the imaging 
detector can be considered as a single channel atmospheric 
Cherenkov detector and used to compare the total number of 
events ON and OFF the source. The total number of ON events 
was 329,169 an d OFF was 328,236; the difference +933 (or l.l«r 

where cr = / ON + OFF) is not significant. Future analysis 
will make fuller use of the imaging properties of the 
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detector but the analysis presented here uses a very simple 
imaging algorithm. To eliminate events close to the 
detector threshold (particularly in the 1983/4 observing 
season when the trigger was any one tube of the inner seven) 
only those events whose total measured signal (all tubes) 
was > 90 photoelectrons were considered. Because the early 
simulations had indicated that gamma-ray showers might be 
smaller in angular extent than the measured background 
proton shower images, a selection was made based on the 
fraction of the light contained in the two highest pixels 

r « <Pi+p2) /total. With r > 0.75, this selec- 

tion rejects 99% of the events at the zenith and 97% at a 
zenith angle of 450 (figure 1(a)). The distribution of 
events with r is shown in figure 1(b). 


d 

-§ 2 


1 

o , 

s 1 


^selected 
^uncut 


(a) 


r J 



30 40 50 60 70 80 

ELEVATION ANGLE (degrees) 


Fig. 1. (a) Rate v. elev. 


(b) distribution of r. 

When applied to all the above data, this selection 
corresponds to 8415 ON, 7709 OFF for a difference of +708 or 
+5.6 er- , This is one of the most statistically significant 
detections of gamma rays at energies accessible to 
ground-based detection techniques from any source. Its 
interpretation is considered below. 


To determine the optimum value of r. Table 1 shows how 
the signal level varies as a function of r and shower size. 
As these data represent a mixture of somewhat different 
operating conditions (in particular different triggering 
criteria) , some caution must be exercised in interpreting 
Table 1. It is apparent however that, for this data sample, 
the choice of r > 0.75, size > 90 p. e. was close to optimum 
and this value has been used in the analysis of data from 
other sources (OG 2.2-9, 2.7-3, 2.1-11, and 2.4-4). 




Size > 90 p.e. r>0.65 
1983/4 1/7 +4.43®“ 

1984/5 2/19 +4.16®- 

Size > 150 p.e. 

1983/4 1/7 +3.250- 

1984/5 2/19 +3.56®- 


r>0.75 
+5 . 24 ar 
+3.48®- 

+3.89 o- 

+ 1.66 tr 


r>0. 85 
+4.48®- 
+4.06®- 

+3.07«r 

+1.73®“ 
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We have also examined the selected data for evidence of 
monthly time variations such as those reported by Fazio et 
al. (1972). Our results are consistent with a steady flux 
during the period of the observations; there were no 
reported pulse glitches during this time. 

4. Periodicity Analysis . The angular resolution of the 
technique is such that we cannot differentiate between gamma 
rays coming from the pulsar and the nebula on position 
alone. A signal from the pulsar Can be identified on the 
basis of its characteristic time signature. To link 
observations in phase requires a well-determined pulsar 
emphemeris; this was available for the 1983/4 observation 
from radio observations at Jodrell Bank (A. Lyne r private 
communication). A phase analysis of the 1983/4 data shows 
no evidence for pulsed emission in either the unselected 
(raw) or selected data and indicates that less than 10% of 
the observed flux is pulsed; hence the observed flux must 

be associated with steady emission from the nebula. The 
complete timing analysis has not yet been undertaken but it 
should be possible to achieve a sensitivity similar to 
Dowthwaite et al. (1984). 

5. Discussion . Assuming a collection area of 1 x 104 m2 
for selected events, the observed effect is 708 events in 
2032 minutes of observations giving a flux of 6 x 10-11 
photons/cm2-s. The energy threshold is 400 GeV. Because 
of uncertainties in the simulations, a factor of 2 uncer- 
tainty in both energy and flux should be assumed. An 
upper limit to the pulsed flux based on the 1983/4 data only 
is <1.1 x 10“11 photons/cm2-s. 

In figure 2 the predicted gamma ray energy spectrum from the 
Crab Nebula is plotted assuming an average magnetic field of 
6xl0“4 gauss (Gould (1965); Rieke and Weekes (1969)). A 
more rigorous calculation, which uses a radial model of the 
field, is also shown (Grindlay and Hoffman, 1971) . This 
value agrees with the measurement of Fazio et al. (1972) but 
is in disagreement with the measurement of Mukanov (1983). 
The upper limit to the pulsar flux is not in conflict with 
the measurements of Dowthwaite et al. (1984). 
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Figure 2. Gamma-ray spectrum from Crab Nebula. 
F=Fazio et al. (1972) ; M=Mukanov (1983) . Ummarked 
limits referenced in Mukanov (1983] . Solid line from 
Grindlay and Hof fman. 1971, 1?=6.1CT^-; dotted line - - 
from X-ray synchrotron electrons. 
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ABSTRACT 

There are analyzed the arrival directions of muon 
poor showers registrated in the Tien Shan experiment during 
an effective running time about 1 , 8.10 Si. It is shown that 
there is a significant excess of these showers from the di- 
rection of Crab Nebula. 


I. Introduction 

Recently there are some papers about the search of 
gamma-quanta flux from Crab Nebula, based on the Extensive 
air showers data. Only the Lodz group /I/ found a signifi- 
cant excess ( 5. 50*) from Crab and the estimated flux is 

F(>10 16 eV) = 2.IO~ 13 cnT^s" 1 

but the energy spectrum F(>E<>^) becomes very flat— 

o£=0, k . The Akeno array /2/ didn’t find a shower excess from 
Crab and gave only the upper limits flux ~IO” Ii *-IO~ I3 cm~ 2 s I 
for Eop/IO -10 eV corresponding. Haver ah Park gave also 
• a negative result and put the upper limits of the Crab flux 

l(>10 eV) = 2,6,10 cm 2 s ^ and I (>I0^ eV) = I,2.I0^ 3 
-*-2 ; —I 

cm a /3/,The search- was carried out by means of total 
intensity distribution analysis of showers. The analysis of 
muon-electron number relation, carried out by AKENO , has 
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shown that there is no significant muon number increase in 
showers from Crab region.lt seems that this result is alre- 
ady regular if we take into account that the primary gamma- 

2 3 

quanta flux is 10 -10 times smaller than the isotropic 
flux of the primary charged particles .The search of prima- 
ry gamma-quanta flux Jhj carried out with help of muon and 
hadron poor shower selection registrated in the Tien Shan 
experiment has shown that the relative contribution of the 
gamma- initiated showers is ( n^~/ n p ^ ) = (2,53 ± 0,83).IO~ 3 


,15 


by E 0 >, 10 eV and the absolute flux intensity is 


(3,4 t I,2).I0~ 13 cnT 2 s"' 1 /4 /. 

The correspondent criteria for muon and hadron poorness of 
showers were (N,u./Np)^ 0 .II and (Bh/E e )$ 0,02. 

However, the geometry of the ionization calorimeter ma- 
kes the statistical ensemble too small , because the rfeal so- 
lid angle becomes smaller. If we take into account the muon 
criterion only, we can apply at much bigger sensitive area 

for the shower selection. This selection condition gives the 

2 ' 

possibility to reduce the background noise 10 times, 
though there is no possibility for a full elimination of 
normal showers . 



2. Experiment and method 

In this analysis we set experimental data registrated 

by Tien Shan array since February 1974 till October 1982, 

4 * 

for an effective running time 1,75.10 h. 7, 5. 10 ^ showers 

5 

with sizes N e > 1,3.10 and axis, localyzed in the central 
part /X,Y/ < 7m of the installation are selected. The accura- 
cy of the shower parameters estimation are /5/j 

[<5x,6V]^o,5t»; ^3® ;6^io<» ;(6 ^/^)a30^ ; 

At s I min. 

The coordinates (o C , S* ) are calculated for each sho- 
wer .A further declination band of 15° width arround the 
Crab was considered. The 15° right ascension were chosen so 
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that the Crab position remains in the middle of the inter- 
val . 

Two- distribution types are analyzed:! ) all showers di- 
stribution n^(oC) , and z) muon poor shower distribution n^oL), 
Assuming a good isotropy of "all showers" distribution the- 
re was analyzed the relation ■ [n^(oO/n t (oC) J .This method 
gives a possibility to eliminate the influence of expositi- 
on differences in the right ascension interval. The criteri- 
on (N^/N^O.II for muon poor showers /4/ was used in the 
form yyi^I, where is the number of the real registrated 
muons with > 5 GeV by the detector with sensitive area 
about 45 m 2 . 


* 


n 


3. Results and discussions 

Two groups of EAS with sizes 
5 

Ne^.3»2:»IO were selected, The "all 


N e £1,78. 10 5 and with 
showers" distribution 


shows no significant excess in the region of the Crab Nebu- 


1 a. However, the muon poor showers selection leads a. signifi- 


cant anisotropy from the Crab 
intervals: X Crah ~ k<Q for N e £ 
N e >3,2.10 5 /fig. Ia and lb/ . 


% 



5.1014 eV ) = ( 

As it is shown in /4/ , the 


direction for the two these 
, 8.10"* and ^crab “ 4, 2.6" for 

The correspondent estimated 
energy thresholds are: 

E 0 | = (2,5 — 5) .IO 1 ^ eV and 

E 0 2 ,= (4 A- 8), 10"^ eV. The 
lower limits were obtained 
for pure electromagnetic 
cascades, the upper limits - 
for normal showers from pri- 
maries with 3=10. The obtai- 
ned gamma-fluxes from the 
Crab Nebula are; 

I r (>3,5.10 14 eV)=( 2 ,8io,8)x 

xI0“ 13 cm-V 1 and 

c » 9-0 , 7 ) . IO" 13 cm” 2 s _I 
muon poorness criterion only 
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gives a possibility to estimate the upper limit of the gam- 
ma-flux intensity from the source. 

If we extrapolate the gammat-flux energy spectrum from 
the Crab obtained in low energy experiments / 6 / /fig. 2 / 

(black points: small-results 
from optical Cerenkov Light 
experiments / 7 /;big-our re- 
sults; A-/2/J HP-/3/; L-/I/; 
F -/7/j D— / 8 / ) , it is seen 
that the obtained absolute 
intensity of gamma»-flux 
from the Crab Nebula in the 
energy region IO 1 -IO 1 ^ eV 
is in good agreement with 
the results of direct mea- 
surements . 


References 

1. Dzikowsky T. et al, ( 1981 ) ,Proc . 17 th ICRC,v.I, 8 . 

2. Hayashida N. et al, (l98l) ,Proc.I7th ICRC,v.9,9. 

3. Lambert A. et al ,( 1984) ,Proc . 9th ISRC , Ko&ice, GAL 2. 

4. Nikolsky S.I,Stamenov «J»N,Ushev S »Z, (1984) ,Adv. Space 
R es , v . 3 , 10 — 12 , 131 . 

5. Abdrashitov S.F. et al, ( 1981 ) ,Proc.I7th ICRC,v. 6 , 156 . 

6. McBreen B. et al, (l9 73) ,Ap. J. , 184, 571 , 

7 . Boone J. et al , (1983 ) ,Proc . CR Workshop, Utah, 268 . 

8. Craig M.A.B et al, ( 1981 ) ,Proc.I7th ICRC,v.I,3. 




139 


0 G 2.3-3 


VERY HIGH ENERGY GAMMA RAYS FROM THE CRAB PULSAR 


0. T. Turner , W. A. Wheaton 1 , C. P. Godfrey 2 , and R. C. Lamb 3 
IGPP, University of California, Riverside, CA 92521 
1 JPL, Cal. Inst. Tech, 4800 Oak Grove Dr., MS 169/327, Pasadena, CA 91103 
2 Missouri Western St. College, 4525 Downs Dr., St. Joseph, MO 64507 
3 Dept. of Physics, Iowa St. University, Ames, IA 50011 


ABSTRACT 

Observations of the Crab pulsar using the atmospheric Cerenkov 
technique were conducted for 22 hours on Sept. -Oct. 1984. The 
light curve obtained shows a single peak at approximately the 
position of the expected main peak with a significance level of 
3.2a. The pulsed flux above 200 GeV is 2 .5±0 .8X10" 1 1 cm" 2 s'" 1 . 

1 . Int roduct ion . Observations of the Crab pulsar (PSR 0531+21) at 
energies above 100 GeV have been attempted for more than 15 years, with 
mixed results. Some authors have reported upper limits; others have 
reported values for a pulsed flux with, however, conflicting evidence in 
regard to the shape of the light curve. A recent and, in some respects, 
the most convincing case for a pulsed flux has been presented by the 
Durham Group (1). Their light curve for energies above 1,000 GeV shows a 
single, narrow peak at the position of the main peak seen at other wave- 
lengths, at a significance level of better than 4a. 

In this paper we present the results of 22 hrs. of observation in 
1982 of the Crab pulsar using the atmospheric Cerenkov technique. The 
light curve obtained shows a single peak at approximately the position of 
the expected main peak with a significance level of 3.2a. The peak is 
substantially broader than observed by reference (1). This may be 
related to our somewhat lower threshold of energy of 200 GeV. 

2. Observations . The JPL solar energy mirrors at Edwards Air Force 
Base, California, a dry desert location at an elevation of 0.7 km and 
35° N latitude were used for these observations (2). The two 11 m 
diameter, 6.6 m focal length mirrors were separated by 24 m approximately 
on a north-south line. The image of a point source was observed to be 
approximately 6-8 cm in diameter. The tracking of point sources by the 
mirrors was accurately calibrated and monitored each night by aligned 
television cameras, one on each mirror, which recorded the images of 
stars as faint as fourth magnitude. 

These observations were carried out in a tracking mode (2). Two PM 
tubes were placed at the focus of each mirror offset from one another 
by 3° in azimuth and offset from the mirror’s principal axis by 1.5°. 
One channel looked at the source region and the other at a background 
region. The role of signal and background channels were interchanged 
every hour. 
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The four pulse heights, four time differences and the universal time 
to the nearest 0.1 msec were recorded on magnetic tape via CAMAC 
electronics. Constant fraction discriminators were used to improve the 
time resolution. The dynamic range of the pulse height spectra was 
more than 100 for each of the PM tubes. Singles rates for each of the 
four PM tubes were also recorded on magnetic tape, along with coincidence 
rates of the source and background channels and delayed coincidences, 
effectively monitoring the accidentals. This information was useful in 
determining whether suspected transient phenomena were real or spurious. 

This detector was used to observe Cygnus X-3 (3,4,5) and the Crab 
pulsar (6). The data for the Crab were obtained during September and 
October 1982. The total observation time was 16 days. Of these, one was 
over-cast, three were cloudy and on four only a single mirror was opera- 
tional. From the remaining eight good days, 22 September was discarded 
as there was a 7 msec glitch in the atomic clock sometime during the day. 
Two of the data runs on 23 September were rejected due to a 0.4° discre- 
pancy in the tracking of the source. This left six good days in October 
(12-16, 19 October 1982) and one run on 23 September for the analysis. 

3. Data Analysis . Pour cuts were applied to discriminate against 
background. The first required that corresponding PM tubes in each 
mirror have a signal above threshold. This established that only coin- 
cident data were analyzed. The second cut, at a pulse height 
corresponding to about 200 GeV, defined the lower energy threshold of the 
detector. The third cut of ±2ns was applied to the time difference bet- 
ween the pulses received by the two mirrors to eliminate accidental coin- 
cidences. This time difference corresponds to approximately ±3° 
variation in the direction of the incoming signal. The fourth cut 
exploited a significant difference between the proton and gamma induced 
Cerenkov radiation. The VHE gamma ray Induced Cerenkov light distribu- 
tion on the ground is approximately uniform over a diameter of more than 
100 meters but the corresponding distribution for proton induced showers 
is more strongly varying with radial position on the ground. This dif- 
ference has motivated a pulse height difference cut. The normalized dif- 
ference in pulse height may be written as: (PH1-PH2)/(PH1+PH2) , where 
PHI and PH2 are the pulse heights in the corresponding PM tubes in the 
mirrors 1 and 2 respectively. A histogram of this function varied bet- 
ween -1 and +1 and showed a broad peak around zero. A cut of ±0.4 was 
applied around the peak so that events with approximately equal pulse 
height in both mirrors were selected and analyzed. The value of this cut 
parameter is not critical, however this cut does significantly improve 
the pulsed signal. Without this last cut the evidence for the pulsed 
flux would have been at approximately the 2 a level. 

The time for each event has been converted from UTC to Barycenter 
Corrected Universal Time using the MIT solar system ephemeris (7). We 
have used an accurate radio ephemeris (8) to assign an absolute phase to 
each event. A phase diagram with bin positions chosen to allow com- 
parison with the COS-B data (9) (Fig. la) appears in Figure 1. 
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Fig. 1 (a) The average light 
curve for 100 MeV gamma rays 
emitted by PSR 0531+21 (9). 

(b) The light curve for coin- 
cident events recorded from 
PSR 0531+21 in September and 
October 1982. The background 
level calculated from phases 
0.5 to 0.9. 


3. Results . There are 12,466 coin- 
cidence events in the light curve. The 
expected number of events, for the two 
bins on either side of the expected 
main peak position based on the 4,876 
events between phase 0.5 and 0.9 for 
which the COS— B data suggest no gamma 
ray emission, is 2,438. We see a total 
of 2,640 which is an excess of 202 at 
the position of the main pulse similar 
to the results 6f Dowthwaite et al. 
(1). The significance of the peak is 
about 3.2cr using the likelihood ratio 
method (10). There is no evidence for 
an interpulse, in agreement with (1). 
COS-B (9) reported an interpulse/main 
pulse ratio decreasing 1976 to 1981. 
The strength calculated by applying the 
convention used in (1), of the effect 
at the main pulse (2,640) is 1.7%±0.5%, 
about seven times stronger than their 
signal strength. There is some evi- 
dence that the strength of the pulsed 
emission was not constant during our 
observation. The main pulse is found 
to be broader than that reported in 
(1). This may be related to our lower 
threshold energy 200 GeV. 

The results were checked to see 
whether the excess counts in the main 
pulse were concentrated in the source 
direction. Light curves were plotted 
for different arrival directions of the 
events with the same ±2 nsec time dif- 
ference window. The ratio of the 
pulsed to background counts decreased 
rapidly when direction of acceptance 
varied beyond 1° from the true source 
direction. We have also performed an 
identical and simultaneous pulse analy- 
sis for the background channel, and no 
significant peaks were seen. 


The total duration of observation was 7.99X10* 4 seconds and the total 
effective area the detector sampled was approximately 10® cm 2 . If we 
accept the pulsed component as the single main pulse, this excess consti- 
tutes a time-averaged pulsed flux of (2.5±0.8)xl0 -1 1 cm“ 2 sec -1 above 200 
GeV. The error quoted is purely statistical; systematic errors in the 
flux and energy threshold are estimated to be a factor of two. The 
energy spectrum of gamma rays from Crab pulsar (PSR 0531+21) over the 
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range 1-10** GeV is shown in Figure 2. We include, in addition to the 
present result, values for the previously published fluxes, but not 

upper limits. This result with 
others in the energy spectrum con- 
firms the existing view that the 
spectrum must steepen in the region 
between the balloon-borne gas 
Cerenkov detector results (below 10 
GeV) and those from ground-based 
atmospheric Cerenkov experiments 
(above 100 GeV). 
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MICROBURSTS OF TeV GAMMA RAYS FROM THE CRAB PULSAR 

P. R. Vishwanath, P. N. Bhat, S.K. Gupta, P.V. Ramana Murthy 

and B. V. Sreekantan 

Tata Institute of Fundamental Research, Bombay 400 005 

India 

Data on Crab pulsar from atmospheric Cerenkov array at Ooty have 
shown emission of TeV gamma rays in the form of microbursts. These are 
series of events which are .unusually closely spaced in time with time 
separations of less than 1.5 milliseconds. The phasogram of events in 
the bursts when analysed with Crab pulsar period shows significant 
peaks. These peaks have been seen in the data of 1979-80,80-81, and 
82-83. The 82-83 data further show that the signal is at the same 
absolute phase as the radio peak. Monte Carlo calculations show that 
the probability of peaks being due to chance is very small. In 84-85, 
the array was split and operated at two sites separated from each 
other by 11 Km. As described in our paper 0G 3.4-lo\ one array was 
entirely with smaller mirrors and the other was entirely with larger 
mirrors and thus the two arrays had different thresholds. Furthermore, 
half of the array with larger mirrors was made to track a direction 
^ 8° S from that of Crab. The mean trigger rate of the small mirror 
array was about 125/minute and that of the large mirror array was 
about 280/minute. The amount of data where there is overlap in the 
observation between the two sites is about 20 hours. The pulsar 
elements (contemporaneous with our experiment) derived from radio 
observation were supplied to us by Dr. A. G. Lyne (Jordell Bank,U.K.). 
These elements were used by us to obtain the pulsar phasograms from 
our data. Apart from results on bursts, we will also present time 
averaged phasograms for the Crab pulsar from the two arrays. 

References 

1. P. N. Bhat et al.(l985) see 0G 2.3-10 in this volume. 
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SECONDARY PERIODICITIES OF MICROBURSTS OF TeV GAMMA 
RAYS FROM THE CRAB PULSAR 

P. R. Vishwanath, P.N. Bhat, S. K. Gupta and P. V.Ramana Murthy 
Tata Institute of Fundamental Research, Bombay 400005 

India 

Observations were made during the past several years on the Crab 
pulsar using the Ooty atmospheric Cerenkov array with the aim of 
detecting possible emission of ultra high energy gamma rays by the 
pulsar; for a description of the array, see Bhat et al 1 . During the 
course of these observations, we found that the Crab pulsar emits 
TeV gamma rays in bursts of short duration; see Vishwanath et al 2 . 

The microbursts of TeV gamma rays from the Crab pulsar, which were 
seen in the data of at least three years, also reveal interesting 
secondary periodicities. 

It had been noticed at first that some bursts could be connected 
with the others that occurred during the same night or during the next 
two nights with integral number of cycles of period 43+1 minutes. 

Ten possible periods in the vicinity of 43 minutes were determined 
for all the combinations of bursts for each year. The best values of 
periods thus obtained were different from year to year. But when, 
instead of the real time, the number of Crab cycles elapsed between 
the bursts was used as the unit of time, two values of burst periods - 
77460 and 77770 Crab cycles - were found to be significant in the data 
of at least two years. A Monte Carlo simulation using 1500 trial 
periods chosen randomly within + 5 minutes of the original burst 
period did not reveal any value of the period as significant. 

At shorter interburst separations, there seems to be a periodi- 
city of 11 Crab cycles. The reduced (NDF = 9) when plotted as a 

function of trial period (in units of Crab cycles) peaks at a value 
of 2.2 at 11 cycles when a burst period range of 4 to 15 cycles is 
considered. Further, there is no such peaking observed when real 
time instead of Crab cycles is used to define the period. 

References 

1. P. N. Bhat et al, paper 0G 2.3-10, this volume 
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DETECTION OF GAMMA-RAY LINES FROM THE DIRECTION OF THE CRAB NEBULA 

A. Owens 

Dept, of Physics, Case Western Reserve University, Cleveland Ohio 44016 U.S.A. 

R.M. Myers and M.G. Thompson 

Department of Physics, Durham University, South Road, Durham, DH1 3LE U.K. 

ABSTRACT 

The Crab Nebula and its associated pulsar NP0531+21 were observed during a 
balloon flight of the Durham MK1 high resolution spectrometer on June 6 1981. 

The data indicate two significant line features of energies of 404.7 and 1049.8 
keV with intensities of (7.2 ± 2.1) x 10“^ and (2.0 ± 0.5) x 10“ 2 s“1 . After 
subtracting instrumental resolution, the widths of these lines were determined to 
be (3.5 ± 1.4) keV and (6.3 ± 1.6) keV at 404'. 7 and 1049.8 keV respectively. A 
third line at 78.8 keV was detected as a transient event with a peak intensity 
of (1.1 ± 0.3) x 10~ 2 photons cm -2 s“1 and a width <1.5 keV. A cross correlation 
analysis of the data shows that all three line features are consistent with a 
point source located at the Crab. 

1 . Introduction During the past few years there have been several reports of 
gamma-ray line emission from the Crab. In a series of papers Jacobson and 
collaborators reported the detection of several lines from the Crab Nebula 
region. Four transient lines at energies 0.41, 1.79, 2.22, 5.95 MeV were 
observed without any detectable continuum (Jacobson et al. 1978). A possible 
line feature around 73 keV was also reported by Ling et al. (1979) from analysis 
of the same data. Confirmation of this line was provided by Stickman et al. 
(1982) and Manchanda et al . (1982) although the centre energy appears to be 
variable. This line is generally attributed to cyclotron emission in the 
intense magnetic field close to the pulsar. 

Leventhal et al. (1977) report the detection of a line centred at 400 
keV during a balloon flight in May 1976. They interpret the origin of this line 
to be gravitationally redshifted annihilation radiation. Apparent confirmation 
of this line was provided (albeit with small statistical signif icance)by Yoshinori 
et al. (1977) during a balloon flight in September 1979. 

It should be pointed out that there have been many contemporary 

* observations that have failed to detect line emission (Mahoney et al. 1984 
and references therein) . 

2. Instrument and Observation The spectrometer consists of an 86 cnr* Ge(HP) 

* crystal, actively shielded from below and on the sides by 12.5 cm of NaI(T£) 

(Ayre et al. 1983). The beam sensitivity pattern is defined by a 15 cm thick 
right-cylinderical NaI(T£) collimator having a geometric FWHM angular aperture 
of 4.8°. The instrument has a spectral resolution of 1.5 keV FWHM at 400 keV 

• and covers the energy range 50 keV to 10 MeV* 

The Crab Nebula was observed from 17.01 to 21.52 UT during a balloon 
flight from Palestine texas on June 6 1981. A total source exposure of 54294.2 

* cnrs was obtained at 400 keV. 

3. Results After correcting for instrumental and atmospheric effects, the 
total Crab spectrum incident on the top of the atmosphere is shown in Figure 1 . 

A best fit power law to the data points yielded dN(E) /dE = (8.6 ± 3.4) x 10“^ 
(E/80)~ 2,5+2 *'-1 .2 photons cm“ 2 s“ikeV*"1 compatible with previous measurements. 
Also shown in Figure 1 is the spectrum of the associated pulsar NP0531+21 which 
was obtained from a superimposed epoch scan of all gamma-ray events in the energy 
range 50 keV to 2500 keV. The pulsation period derived from the present measure- 
ments was 33.258436 ms. 
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A computer search for spectral features in the total Crab gamma-ray 
spectrum located six lines having a significance in the detected flux of > 3a 
and a width commeasurable with the instrumental energy resolution. Of these six 
lines, three can be dismissed by confidence arguments which are described in 
detail in Ayre et al . (1983). The properties of the remaining lines, at 
energies 78.8, 404.7 and 1049,8 keV, are given in Table 1. The line at 78.8 
keV was detected at the 4.1a level only in the last third of the data corres- 
ponding to a confidence level of 99.5% for source variability at this energy. 

It is unfortunate that the observation ended before any conclusion could be 
drawn about the shape of the light curve or when it reached maximum intensity. 
Both the intensities of the 40.4.7 and 1049.8 keV lines are consistent with a 
constant mean rate throughout the 5 hour period of the observation. Figure 2 
shows the count rate profile of each candidate line after background subtraction 
as a function of energy. The dashed line on each profile represents a best fit 
least squares function plus a Gaussian peak. The derived widths and centroid 
energies are given in Table 1, An attempt to determine if any of these lines 
were pulsed at the pulsar frequency was inconclusive due to timing uncertainties 
and poor statistics. 

The observation employed a raster scan technique which covered right 
ascensions and declinations within ±5° of the target. The detected events for 
each orientation of the spectrometer axis were projected onto the celestial 
sphere and converted into ’on axis' counting rates. A cross correlation 
analysis was applied to the data. At each position r on the sky the correlation 
function C(r) and its associated standard deviation, a, were calculated for an 
assumed source located at r. The results are shown in Figure 3. The contours 
represent those positions where the function C(r)/a has constant integer values. 
A best fit aperture response function indicated that all three lines are 
consistent with a point source located at the Crab. The dashed line on each 
contour corresonds to the FWHM aperture at that energy. 

4. Discussion If the 405 keV line is interpreted as redshifted annihilation 
radiation then the present result indicates that 'v 10^2 positrons s~* must be 
annihilating into 511 keV photons near the neutron stars surface assuming 
isotropic emission. The derived redshift of the line is 0.26 suggesting an 
implied mass for the pulsar of 1.4 to 2.1 M , depending on the equation of state. 
The apparent variability of the redshift from 0.28 in 1976 (Leventhal et al. 
1977) to 0.26 in 1981 is regarded as significant, since constant monitoring of 
background lines in both experiments rule out systematic errors in energy 
calibration. It has been previously suggested (Lingenf elter et al. 1981) that 
the 400 keV feature detected by Leventhal et al . from the general direction of 
the Crab may be variable emission from the same source as the June 10 1974 
transient event observed by Jacobson et al . (1978). The two experiments had 
overlapping fields of view and the indentif ication of the lines implied 
essentially the same neutron star mass. The cross correlation analysis of the 
present data strongly suggests that the transient event observed by Jacobsan 
et al. cannot originate from the same source since the Crab was out of their 
field of view. 

Assuming the 78.8 keV line is due to cyclotron emission, then the 
derived redshift would imply production in a magnetic field of strength 
8.6 x 10 12 gauss. A relativistic quantum mechanical treatment might enhance 
this value by a factor of two (Brecher and Ulmar, 1978). Since AE/E = AB/B, 
magnetic inhomogeneit ies must be < 1.0% which indicates that the emission 
cannot take place over an extended region. Further for a dipole field (BaR*"^) 
it follows that for R = 10km, the radial extent of the emission region is 
< 63 meters . 

The 1049.8 keV line has not been seen before and there is no obvious 
mechanism for producing a line at this energy. If the effect is real then the 
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narrow width and high luminosity would suggest production at the pulsar itself. 
One might at first thought invoke single photon annihilation (Daugherty and 
Bussard, 1980) but the narrow width and the relative intensity of the 405 keV 
line would rule out the possibility. Clearly confirmation of this feature is 
required. 
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Figure 1 . The total Crab and 
PSR0531+21 photon spectra 
measured on June 6 1981. The 
solid line through the Crab 
data points represents a best 
fit power law, i.e; 

dN(E)/dE = (8.6 + 3.4) x 10~ 4 

-2.5 +2 * 7 -2 

(E/80) -1.2 photons cm 

s -1 kev -1 . 
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Figure 2. Line profiles of the three 
line features after correcting for the 
background. The dashed line on each 
profile is a best fit polynomial plus 
a Gaussian peak. 
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Centroid Energy* 

Position** 

Error Radius 

Flux __ 

-1 

Width*** 

KeV 

RA 

Dec. 

Degrees 

Photons cm s 

keV 

50 - 350 

83.5 

20.7 

0.4 

0.12 ± 0,03 

10~ 2 

_ 

78.8 ± 0.2 

85.3 

20.8 

0.4 

(1.1 ± 0.37 x 

<1.5 

404.7 ± 0..7 

84.1 

21.7 

1.0 

(7.2 ± 2.1) x 

lO* 3 

3.5 ± 1.4 

1049.8 ± 0.8 

84.2 

21.0 

0.5 

(2. 0 ± 0.5) x 

10“ 2 

6.3 ± 1.6 


Errors calculated by x m j n + 1> i.e, single parameter determination 
Uncorrected for systematic errors in the orientation platform 
Instrumental resolution subtracted 
Assumed source distance 2 kpc 

Peak flux observed in last subset of data with t = 1572 and t = 2020 sec 

on off 


Luminosity**** 


erg s 




10 37 
JJS 

1 .5 x 10 37 


1.1 x 
6.5 x 

2.1 


Table 1. 


Properties of the significant line features detected on June 6 1981 from the direction of the Crab Nebula. 
The int egral source flux 50 ~ 350 keV is shown for compa rison. 



Figure 3. Results of a cross-correlation analysis of the significant line features detected on June 6 1981. The 
contours represent la levels of the correlation function. The position of the Crab and the flaring x-ray source 
A0535+26 are shown by the crosses and triangles respectively. The circles represent the centroids of a best fit 
aperture response function to the data. The dashed circles represent the FWHM aperture at each energy. Note the 
positions of each of these contours have been corrected for the positional error in the orientation platform. This 
correction introduces an additional uncertainty in the position of the centroid of about 0.3°. 
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OBSERVATION OF HARD X-RAYS 
FROM THE CRAB PULSAR AND A0535+26 

Ilia Mei Dal Chang jian Lu Zhuguo Ma Yuqian 
LI Guanhua Fan Zhenzl Zhang Chengmu 
Xu Chunxlan Zhang Xiyuan Ga Yidong Li Tlpei 

High Energy Astrophysics Group, Institute of High 
Energy Physics, Academia Sinica, Beijing, China 


The Crab pulsar PSR0531+21 uas observed in a balloon 
flight from the Xianghe Balloon Station (China) on 1984 
May 23. The data were obtained in the range 20-200keV 
with a poswish hard X-ray telescope which comprised of 
a 150cb? primary crystal of 5mm thick Csl(Tl) actively 
shielded over the lower 2 it steradians by a 5cm thick 
N«,I(T1) crystal. The scintillation pulses originating 
in C$ I and N<*,I crystals are distinguished by pulse shape 
discrimination. The telescope has a field of view of 
approximately 4° HUIHM determined by graded shield and 
collimator. The effective geometric area of the detector 
is 116cm. 

The apparatus was flown for eight hours. During this 
flight on-source observation of the Crab region at a 
float altitude of 33km was made for about two hours 
alternated with off-source measurement. A summed epoch 
analysis of the heliocentric arrival times for the 
recorded photons of on-source observation was made, the 
figure 1 shows the light curve derived by folding on 
the period of 33.29790ms. 



29 Ot 



Figure 1. Hard X-ray light curve obtained 
from 3200s on-source observations 


The transient X-ray source A0535+26, an object with 
interesting spectrum shape and evoluation of brightness 
and pulsation, was within the field of view of the 
telescope when on-source observing. A possible period- 
icity of 102.25s was found in the data with a phase 
structure of two broad peaks similar to some observation 
results having been published for A0535+26, Uie have 
noted that when folding a data flow on a long period 
interference from the data acquisition, transmission and 
recording system affects the result considerably. More 

tests for the reality of the apparent pulsation are then 
needed to be made. 
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GAMMA RAYS OF 0.3 TO 30 MEV FROM PSR 0531+21 

R. Stephen White , William Sweeney, Tumay Turner and Allen D. Zych 
Physics Department and Institute of Geophysics and Planetary Physics 

Riverside, California 92521 

1. Introduction . Pulsed gamma rays from the Crab Pulsar PSR 0531+21 are 
reported for energies of 0.3 to 30 MeV. The observations were carried 
out with the University of California, Riverside (UCR) gamma ray double 
Compton scatter telescope (1,2) launched on a balloon from Palestine, 
Texas at 4.5 GV, at 2200 LT, September 29, 1978. Two 8 hr observations 
of the pulsar were made, the first starting at 0700 UT (0200 LT) September 
30 just after reaching float altitude of 4.5 g cm -2 . Analysis of the 
total gamma ray flux from the Crab Nebula plus pulsar, using telescope 
vertical cell pairs only (3), has previously been published. The results 
presented here supersede the preliminary ones given at the 18th 
International Cosmic Ray Conference in Bangalore (4). 

2. Method . In the double scatter mode the UCR telescope (1,2,5) 
measures the energy of each incident gamma ray from 1 to 30 MeV and its 
incident angle to a ring on the sky. The time of arrival is measured to 

O. 05 ms. The direction of the source is obtained from overlapping rings 
on the sky. The count rate of the first scatter above a threshold of 0.3 
MeV is recorded every 5.12 ms but gamma ray energies and directions were 
not measured for individual gamma rays. The Crab Pulsar parameters for 
our observations on September 30 and October 1, 1978 were determined from 
six topocentric arrival times of optical pulses obtained from E. Lohsen, 
Bergeldorf Observatory, Hamburg, West Germany (T. L. Jenkins, private com- 
munication, 1982). They were converted to the solar system barycenter 
with our barycenter analysis programs using the MIT ephemeris (6). The 
values of the parameters are: observation epoch, # 2443781.5; absolute 
phase, <f> 0 , 0.35442; period, P, 0.03322268626 s; and P, 0.421954804xl0 _12 s 
s -1 . The period P and P were later confirmed by the HEA0 1 x-ray values 
(7) obtained one day earlier on September 29, 1978. These parameters are 
used throughout the analysis. A x 2 plot of a phase sweep of P at 2 ns 
intervals over ±50 ns from the derived value also confirmed our value of 

P. Absolute time of each data interval of 5.12 ms for single scatters 
and each event for double scatters were obtained from an on board clock 
accurate to 10 -9 s s -1 that is started from an atomic clock on the ground 
accurate to 10“^s s - ^ and calibration with Loran C. 

The phase plot for single scatters is given in Figure la and for 
double scatters in Figure lb. Data were included for angles from 15° before 
to 30° after PSR 0531+21 zenith passage for single scatters and from 55° 
before to 55° after for double scatters. In addition, for double scat- 
ters, to eliminate the high atmospheric gamma ray background near the 
horizon, only gamma ray cone angles <75° to the zenith were accepted. 
The uncertainty in phase of the single scatter light curve is 0.077 (2.56 
ms), half the accumulation bin size. The bin numbers are also included 
in Figure 1 for reference. The dashed lines give the backgrounds calcu- 
lated from the counts in bins 17 through 5 in Figure la and bins 24 
through 9 in Figure lb. 
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Fig. 1. Phase plots for PSR 
0531+21. (a) For single 

scattered gamma rays with 
energies > 0.3 MeV. (b) 
For double scattered gamma 
rays with energies of 1-30 
MeV. 


3. Results . For energies of 1-30 
MeV the 1st and 2nd pulses of PSR 
05321+21 are seen where expected 
with statistical significances of 
4.2 and 2.1 o» Absolute positions 
and separation of the 2 maxima, 
12.910.3 ms (0.3910.02 in phase) are 
in agreement with the arrows that 
give the absolute phase maxima of 
the 1st and 2nd radio pulses and 
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Fig. 2 Phase plots for PSR 
0531+21 at various 
times from 1975 to 
1982. 


with those for energies above 50 MeV found by COS B (8) and SAS 2 (9), at 
energies of 1-20 MeV (10) and at optical and x-ray energies. The width 
of the 1st pulse is 2.210.5 ms FWHM, 0.07 in phase, slightly wider than 
the COS B (8) width of 1.610.4 ms FHWM. However, the width of the 2nd 
pulse is 3.310.5 ms FWHM, 0.10 in phase, wider than the COS B width of 
2.010.5 ms FWHM, summed over all observation times. 
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Wills et al. (8) used the COS B observations from August 1975 to 
October 1980 to study the variation of the high energy gamma ray phase 
plots from PSR 0531+21 with time. Ozel and Mayer-Hasselwander (13) added 
the COS B phase plot for 1982. We have added ours at energies of 1-30 
MeV to give the summary of gamma ray phase plots in Figure 2. Our phase 
plot is similar to the others nearby, in nearly all respects. 

At energies of 1-30 MeV we 
use channels 10-11 and 21-23 to 
determine our value, 0.64±0.33, 
for the ratio of. the counts in the 
2nd to the 1st pulse. In Figure 3 
our ratio is added to those from 
the previous phase plots (8,13), 
an additional ratio (13) from COS 
B in 1982 and balloon flights in 
1970-71 (14) from the Saclay- 

mjd Milano-Palermo Group at energies 

>20 MeV. Our value is consistent 
Fig. 3 Ratios of counts in the 1st with the other ratios near the 

to the 2nd pulse in PSR same epoch and close to the 

0531+21 at various times average of all ratios. As our 

from 1971 to 1982. energy interval of 1-30 MeV is 

lower than the energy for the 
other 8 points, mostly >50 MeV, a 
comparison may be invalid. 
Certainly a transition in the ratio exists between the >50 MeV gamma-rays 
where the 1st pulse dominates and those in the hard x-ray region which 
favors the 2nd pulse. Comparison of our ratio from single scatters for 
energies >0.30 MeV with the double scatters of 1 to 30 MeV below confirm 
this possibility. The ratio of 1-30 MeV counts in the interpulse, the 
region between the 1st and 2nd pulses, bins 12-20, to the total pulsed 
counts, 1st pulse plus 2nd pulse plus interpulse, bins 10 through 23, is 
* 0.17±0.30, not in disagreement with the COS B value of 0.15±0.04 (8). 

The phase plot for single scatters given in Figure la for energies 
>0.3 MeV shows characteristics similar to those at lower energies. The 
separation of the pulses is 13.2±0.4 ms (0.40±0.03 ms in phase) in good 
3gf66isnt with those found in radio, optical, x— rays and gamma rays. 
Using bins 6—8 and 14—16 for the 1st and 2nd pulses, respectively, the 
. ratio of counts in the 2nd to the 1st pulse is 1.4±0.3. This value is 
difficult to compare with other observations because of different cri- 
teria for the shapes of the pulses. However, our >0.3 MeV ratio is 
. higher than our value at 1-30 MeV and higher than all observations of COS 
B in 1976 and later. The ratio is in general agreement with the value of 
1.06±0.18 at 45-360 keV found on October 6, 1980 (12) but not as high as 
the ratio of 2.3±0.2 at 100-400 keV found from combining 2 flights in 
October, 1970 (11). 

Phase plots similar to Figure lb were generated for 4 energy inter- 
vals between 1 and 20 MeV. The pulsed signals and backgrounds were taken 
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from the same channels as for Figure 
to fluxes and plotted on Figure 4. 
values of Graser and Schonfelder (10) 



Fig. 4 The energy distribution of 
gamma rays from PSR 0531+21. 


b. The count rates were converted 
These fluxes agree well with the 
at similar energies and with their 
fit, 6.17 x 10“ 4 e~2»2 photons 

cm” 2 s” 1 MeV” 1 , from about 5 x 
10” 2 to 2 x 10 3 MeV. Because of 
the steep spectrum 0.87 of the 
photons from our single scatters 
above 0.3 MeV come from the inter- 
val 0.3 to 1.5 MeV. The counts 

above 0.3 MeV have been converted 
to flux then multiplied by 0.87 to 
obtain the point from 0.3 to 1.5 
MeV plotted on Figure 4. This 
also agrees with the above fit. 
The energy distribution from PSR 
0531+21 appears to be well 
established as a continuous power 
law of E” 2 * 2 over almost five 
decades in energy. 
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1000 6eV Gfthhfl RAY EMISSION FROM RADIO PULSARS 

P.H. Chadwick, J.C. Dowthwaite, I.W. Kirkman, 

T.J.L. McComb, K.J. Orford, and K.E. Turver 

Department of Physics, University of Durhan, 

Durban DH1 3LE, England. 

ABSTRACT 

Our neasurenents of radio pulsars have concentrated on 
long observations of the Crab pulsar and have shown it to 
enit short intense bursts and a persistent weak periodic 
flux at Y-ray energies > 1000 GeV. The light curve of the 
persistent emission was shown to be dominated by a single 
peak, coincident with the position of the radio and low 
energy V-ray main pulse. We report here the results of a 
more detailed analysis of the structure of this main pulse 
following a careful appraisal of the timing system. We show 
that at energies > 1000 GeV the duration of the main pulse 
(as defined by the full width at half maximum) is not 
greater than 0.4 ms, which is less than that seen at all 
frequencies other than radio. 

Flux limits for the emission of 1000 GeV V-rays by seven 
other radio pulsars are reported. 

1 . INTRODUCTION 

In 1962 and 1983 observations of the Crab pulsar at a Y-ray energy 
threshold of about 1000 GeV were made using the atmospheric Cerenkov 
technique at the Dugway facility* 1 *. The experiment recorded 156,342 
Cerenkov light flash events in 103 hours, during which time the object 
was continuously tracked in the centre of the field of view of the 
telescopes. The recorded event times were converted from UTC to 
Barycentre Corrected Julian Ephemeris Time using the HIT solar system 
ephemeris * 2 ' , and each was then assigned an absolute phase using a 
contemporaneous radio ephemeris* 3 ’. 

In a search for persistent weak emission we derived the light curve, 
reproduced in Figure la, for all recorded events. The location and 
width of the bins were chosen to allow direct comparison with the 
results at energies of around 100 MeV from the C0S-B experiment. An 
excess of events significant at the 4.2 a level was seen in the bin at 
the expected position of the main pulse. This excess corresponds to 
0.233 + 0.054% of the background level due to cosmic ray protons in our 
experiment, which is equivalent to a Y-ray flux of (7.9 + 
1.8)xl0“‘ 2 cm" a s"‘ above 1000 GeV. The light curve was then compared 
with that seen in the C06-B experiment at energies of 100 NeV - see 
Figure lb. A strong correlation in shape was seen to exist, with the 
major contribution arising from the main pulse. An examination of the 
events comprising the main pulse in Figure la revealed no fine 
structure on a timescale less than the bin width (1.33 ms). 
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Figure la : The light curve for all Figure lb t The average light curve 
Cerenkov light events recorded from for 100 MeV gamma rays emitted by 
PSR 0531 in 1982 September - 1983 PSR 0531 <4 ‘. 

November. 

The off-air initialisation of our crystal-based clock system, (based 
on the WWV radio signal from Fort Collins, Co.), involved several 
resets during the course of the observations. As a result, any fine 
structure was likely to be spread slightly due to residual 
uncertainties in, for example, changes in radio propagation time to the 
site. However, the data in 1982 November 12-22, comprising 104,994 
events in about 76 hours of observation, was taken without the clock 
being reset. This subset could therefore be usefully studied in more 
detail following a thorough appraisal of the timekeeping. 

2 • RESULTS i (A) The Crab Pulsar. 

Light curves were formed for the subset of 1982 November 12-22 data 
with 25, 100 and 250 bins (corresponding to bin widths of 1.33, 0.33 
and 0.13 ns respectively) and the main pulse was examined. These 
light curveB are shown in Figures 2a, 2b and 2c for the phase range 0.9 
- 0.1, (where 0.0 corresponds to the position of the centre of the 
radio main pulse). 



Figure 2 t The main pulse region of the light curve for all 
Cerenkov light events recorded from PSR 0531 in November 1983. 
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The majority of events in the main puli* (see Figures 2a and 2c) 
occur in th# r#lativ*ly narrow phase ranfl# betwitn 0.9B - 0.992, which 
is slightly befor# the expected radio main pulse position. However, the 
absolute tieing uncertainty in our system of about ♦ 0.5ms (inherent in 
all off-air timing systems of this type) does not allow significance to 
be attached to this discrepancy. The width of the wain pulse at 
energies > 1000 6eV can be coopered with that at 100 MeV * 4> (shown in 
Figure lb to have a FWHM of 1.6 ns). We find a VHE gamma ray Rain 
pulse of FWHM 0.4 ns, which is about a factor of 4 narrower than that 
at the lower energy. Furthermore, we note that the estiaated 
non-linearity of rate of our oven-controlled crystal (about 5x10“*° 
s.s - * over the 10 days of the observation) would have the effect of 
sneering out a main pulse of even shorter duration (such as one 
approximated by a delta function) to one having the duration observed. 
Thus a main pulse of duration < 0.4 ms is not ruled out by this 
experiment. 

The duration of the pulse at 1000 GeV is about the same as that seen 
at radio energies - and is certainly shorter than that seen in the 
energy range 1 KeV - 1 SeV - see Figure 3. 


Figure 3« The width 
of the main pulse. o 

The figures at the o 

top of the graph are 
the references for | 

the data. The * 

present result is k 

shown $ . 



The present result confirms the trend to shorter pulses at the higher 
energies suggested previously <a> . 

In 1981 a series of short (7 min) driftscans were made on the Crab 
Nebula and pulsar. These allow an estimate of unpulsed emission from a 
source since we expect the intensity of V-rays to be reduced at the 
beginning and end of the 7 min interval when the source is approaching 
the edge of the field of view of the telescope. We find no significant 
gradation across the aperture of the telescopes (the excess counts in 
the centre of the field are consistent with the small expected excess 
of pulsed Y-rays). The 3 a level flux limit for an unpulsed emission 
at an energy > 1000 GeV is 3xl0"‘° cm _2 s _i . 
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RESULTS i (B) - Other Radio Pulsar*. 

The observation of the 7 pulsars specified in Table I has not 
yielded any detections of VHE 7-rays and the derived flux limits (3 a 
level) for a 1000 6eV threshold, assuming a light curve with duty cycle 
of S 7.,, are shown. 


PULSAR 


FLUX LIMIT <c«- 2 s-M 


PSR 0355+54 
PER 0950+08 
PSR 1 133+16 
PSR 1508+55 
PSR 1929+10 
PSR 1930+22 
PSR 2224+65 


2.0X10" 

1.1X10- 

2.3X10- 

2.1X10- 

2.8X10- 

2.8x10- 

1.9X10- 


TABLE I 
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PULSED EMISSION OF TeV GAMMA RAYS FROM VELA PULSAR 

P. N. Bhat, S. K. Gupta, P. V. Ramana Murthy, B. V. Sreekantan 

and P. R. Vishwanath 

Tata Institute of Fundamental Research, Bombay 400 005 

India 

The Ooty atmospheric Cerenkov array, consisting of 10 parabolic 
mirrors of 0.9m diameter and 8 of 1.5 m diameter, has been used for 
observations on the Vela pulsar for the last few years to see if it 
emits gamma rays in the TeV energy range. Signals from the pulsar 
were seen in 1978-79 and in 80-81. 

During the winter of 1984-85, the array has been split into two 
parts, one consisting wholly of the smaller mirrors and other wholly 
of the bigger mirrors. The two arrays were operated at two different 
sites separated by 11 Km. This is done with the aim of distinguishing 
a marginally significant genuine pulsar signal from spurious signals 
produced trivially by chance fluctuations in the background rates; for, 
a genuine signal should appear simultaneously at both the places 
at the same phase unlike the spurious signals. The arrays were operated 
during clear moonless nights for a total of 27.8 hours at one site 
and for 8.9 hours at the other of which 6.9 hours' data were simultaneous. 
All the mirrors were pointed at the celestial object under investigation 
and made to track it for durations of the order of 1 to 6 hours during 
clear moonless nights. Each mirror is equatorially mounted and viewed 
by a fast photomultiplier, RCA 8575, mounted at the focus. Signals from 
2 or 3 mirrors are added to make up a total of 4 banks and a majority 
logic (any 3 out of 4) is used to generate a trigger. Event times 
were recorded for each trigger. In addition, at one of the sites, pulse 
height of the Cerenkov signal from each of the reflectors was recorded. 
The event time data is being analysed to detect a possible pulsed 
emission of TeV gamma rays using the contemporaneous pulsar elements 
made available to us by Dr. A. R. Klekociuk (University of Tasmania, 
Australia) on the basis of their radio observations on the Vela pulsar. 

During 1982-83 all the 18 mirrors were operated at one place and 
an observation lasting about 36 hours was carried out. The data were 
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analysed using pulsar parameters supplied by Dr. G.W.R. Royle 
(Univ. of Tasmania, Australia). 

Results from the analyses of observations made during the 
winters of 1982-83 and 84-85 on steady pulsed emission as well as on 
possible transient emission will be presented. 
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1000 GeV GAMMA RAYS FROM ms PULSARS 
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ABSTRACT 


Ne here report the detection of 1000 GeV V-rays with the 
characteristic 6.1 ns periodicity of the radio pulsar PSR 
1953 +29“*. This result, significant at the 5.4 a level, 
provides the first direct evidence for the association of 
the 6ms radio pulsar PSR1953+29 with the Y-ray source 
2C6065+0. Extensive observations of the 1.5 ms pulsar PSR 
1937 are also reported. 

1 . INTRODUCTION. 

Observations of PSR1953+29 and PSR1937+21 were made between 1983 April 
and 1984 September using the array of four telescopes of the Dugway VHE 
Y-ray facility which have been described el sewhere <s> . The telescopes 
have an energy threshold dependent on zenith angle of approximately 1 
TeV. The duration of the individual observations varied between 1 and 6 
hrs during which the pulsar was observed with all telescopes in the 
tracking mode. The time of arrival of a Cerenkov light flash was recorded 
in Coordinated Universal Time (UTC) to an absolute accuracy of 0.5 ms and 
with a resolution of 1 ps. The time of each event has been converted 
from UTC to Barycentre Corrected Julian Ephemeris Time using the MIT 
solar system ephemeris <3> and the position of the radio pulsar. A 
further correction to allow for the orbital motion of the PSR 1953 has 
been made by adjusting the times to the focus of the binary orbit 
according to radio measurements “* which are summarized in Table I. 


RA 

DEC 

EPOCH 

d 

e 

P 

asin (i ) 


19h 53m 26.673s 

29° 0' 44.1* 

2445428.66 
117.3 + <0.1 d. 
< 0.001 

6.133166 ms. 

31.29 Is. 


TABLE I. 
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2. RESULTS - (A) PSR 1953 - The 6 ms Pulsar. 

A homogeneous dataset was compiled comprising only those observations 
of at least 4 hours duration. This enables the results of the periodicity 
searches on 8 individual observations to be combined with equal 
statistical weights. The uncertainty in the binary orbit causes 
progressive phase errors and precludes the use of datasets of 24 hours or 
more, in particular the assembly of a single large dataset spanning the 
whole observation period. Events were selected which triggered any two of 
the four telescopes (this has been shown <<*•«> to increase the 
sensitivity of the telescope array to Y-rays since twofold telescope 
responses define a narrower effective aperture). The PSR 1953 dataset 
(comprising 14286 events in all) was obtained during the half of the 
orbit when the pulsar was approaching the earth, but spanned a year, or 
approximately three orbits. Each individual observation was tested for 
periodicity over a restricted range of period (6.133162 - 6.133170 ms). 
This limited searching for periodicity was necessary to allow (with 
decreasing effect) for (a) uncertainties in the orbital ephemeris, (b) 
the effects of statistical sampling on a periodicity in sparse data, and 
(c) residual uncertainties in the precise rate of the stabilised lHHz 
system clock. The Rayleigh test **•** was selected as the appropriate 
test for searching for periodicity in the absence of specific knowledge, 
or a reasonable guess, of the light-curve duty cycle. The test is 
Uniformly Host Powerful for distinguishing between the alternative 
hypotheses of the fundamental power being zero or non-zero. 

Each of the eight observations was analysed independently and the 
eight probabilities of chance occurrence of each trial period were 
combined <7> . This combined probability is shown as a function of the 
trial period in Figure 1. A 3.5% periodic excess is found within the 
trial period range, which has a probability of chance occurrence of 
1.6x10'°. The number of independent trial periods in the ranges 
P, *6.133162 ms to P 2 b 6. 133170 ms is ( T / P » - T/P 2 ) = 3.4 (T * mean 
duration of an observation), increasing the probability of the detection 
being due to chance to 5.4xl0~ s . Further independent data from the 
single-telescope responses is available. Such responses are less 
sensitive to Y-rays because of the larger aperture which allow the 
registration of more proton-induced showers. However, one of the four 
telescopes had been equipped with new mirrors and has a narrower field of 
view to improve its signal/noise to approximately the same as 
two-telescope responses. This dataset, comprising 17302 events, 
independently shows a 3.2% pulsed signal at a period within the sampling 
range of the periodicity shown by the 2 telescope responses. This signal 
is at a significance level of 4x10“° - see Figure 1. With a 3.5% signal 
strength in narrow aperture detection systems we would expect the other 
three wider aperture telescopes to have a signal/noise ratio of about 
1.5% and hence not show significant effects. This is seen to be the case. 
The overall probability of the effect being of chance origin is therefore 
about 4xl0~ e which corresponds to a 5.4a signal. 
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occurrtnce «s * function of th* trial 
ptriod. Th« horizontal bar thows tht 
expictid poaition of tha radio period 4 
allowing for tha uncartaintias in tha 
binary orbit. Tha solid line refers to 
tha two-telescope responses and tha 
broken line to tha independent sample 
froa the single (sensitive) telescope 
response. 


Figure 2 
«ni ssi on 




i The light curve of VHE 
on 1983 August 6. 


ar- 


ray 


The Y-ray signal has been investigated on a night-to-night basis 
during the eight longest observations. The average signal ( V-r ays) /noise 
(cosmic ray protons in the field of view) for a 2-telescope response is 
3.5% and fluctuates from below the background noise level to 8.5%. No 
pattern is apparent in the variation, in that the signal averaged over 
observations which are at similar orbital phases remains at about 3.5%, 
although in some cases the observations are a year apart. Assuming that 
the Y-ray samples have a Von Hises distribution, we can test for 
constancy of the signal from night to night using an established test 1 ®'. 
We find that the variation of signal strength from night to night is 
consistent with sampling variations from a constant signal strength, but 
cannot preclude variations from zero to about three times the average 
strength. A similar test of the data on a time scale of about 30 mins 
also shows no evidence of variation. We can however exclude as the source 
of the present effect the type of strong (‘“30% ) but brief ('few minutes 
duration ) outbursts detected by us from the Crab pulsar and from 
Hercules X-l <9> . The time-averaged flux of y-rays of energy in excess of 
2 TeV is 3x10'“ cm -2 s' 1 . The VHE y-ray luminosity, assuming a 
distance to the pulsar of 3.5 kparsec and a differential power law index 
of 3.0 is 3xl0 3 ° ergs s' 1 . The light curve for the 2-telescope responses 
on the occasion of the apparently strongest signal (1983 August 6) has 
been derived for the radio period <6.133166 ms) and is shown in Figure 2. 
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RESULTS <B) PSR 1937 - The 1.5 ms Pulsar. 

Between 1983 April 13 and 1984 September 29 PSR 1937 was observed on 
46 separate occasions for a total of 129 hrs during which 301397 Cerenkov 
light flashes were recorded. The extremely short period of the pulsar 
precludes the possibility of maintaining phase and combining data 
recorded on separate nights as a separate dataset. The data from each 
observation have been analysed for periodic content using the Rayleigh 
test. No evidence for a pulsed content characterized by a broad light 
curve has been found. A 3 a flux limit equal to 1.37. of the cosmic ray 
background (a 7-ray flux limit of 5xl0~ ,1 cm~ s s-l) has been derived. The 
analysis of the data continues with a search for a pulsed emission 
containing a very much shorter duty cycle. 

This work was funded by the United Kingdom Science and Engineering 
Research Council and carried out at Dugway Proving Ground, Utah. Ne are 
indebted to the Commander and Staff of Dugway Proving Ground who 
supported our experimental programme and Professor R. Buccheri who 
provided the data on the 6 ms radio pulsar. 
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ABSTRACT 

Analysis of data from an atmospheric Cerenkov telescope 
at Gulmarg (India), has indicated^ the periodic emission of 

gamma-rays of energy ^ IQ 2 * * * * * * * * * 12 eV, at 60.25 second period, from 
2CG 195+4. The gamma-jay flux at 99% confidence level is 
estimated to be 9.5x1 0”' photons cm s’ . 

1. Introduction. The high energy gamma-ray source 2CG 195+4 (Geminga), 
detected by SAS II and COS B satellites at > 50 MeV [1,2], has bean tentatively 
identified with an unusual soft x-ray and optical source, for which the gamma- 
ray to x-ray to optical luminosity ratio is 10* t 10* : 1 [33. This Identifi- 
cation has been strengethened by the observation of nearly 60 second periodic 
variation in the x-ray source, similar to that reported in gamma-rays. 

A recent analysis of Einstein Observatory and Exosat x-ray data [4], along- 
with the ground-based observations of Zyskin and Mukanov [5^ has further 
revealed a very high positive period derivative for this source, which seems 
to increase still further between 1979 and 1983. Here we report the results 
of the analysis of our atmospheric Cerenkov telescope data from Gulmarg 
India, which reveals i>eriodic gamma-ray emission from this source at a 
flux level of 9.5x19" photons cm* s , at photon energies > 6.1x1 O' eV. 

2. Experimental Method. The experiment was carried out at Gulmarg, 

India (altitude 2743 meters),, during Dec. 1984 to February 1985. The 

experimental set up, shown in Figure 1, consists mainly of three 90 cm. 

diameter (f/2) parabolic searchlight mirrors, each of which has an RCA 

8055 photomultiplier tube mounted at its focus. The tubes are provided 

with 3.8 cm. diameter aperture masks to limit the effective field of view 

to 2.5®. All three mirrors are mounted on individual equatorial mounts, 

with a tracking capability of better than 0.5* in 4 hours. An LED lamp 

compensator is also fixed on all three mirrors to .ensure a constant anode 
current, by compensating for background light fluctuations due to changes 
in night sky intensity and atmospheric transparency. Triple coincidence 
rates, integrated over 2 seconds (coincidence resolving time < 50 ns) alongwith 
the corresponding time are recorded on a printer. The time information 
is provided by a temperature controlled crystal clock which is maintained 
accurate to n l ms by periodic synchronization with standard time-code 
signals. Alongwith the prompt coincidence rate, the Chance coincidence 
rate, obtained by introducing suitable time delays in the outputs from 
the three channels, is also recorded continuously to monitor the behaviour 
of system electronics and the background variations. 

1 ■ % ' 

The effective area of the telescope is 5812 cm and the energy 
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threshold for shower detection has been estimated to be 6.1x10 eV. 
Observations have been taken in the tracking mode, by pointing the mirrors 
alternately at the 'source' and an 'off-source' region (6°to the east of 
source), for 24 minute durations. The results reported below refer to the 
zenith distance range |z|^.30°. Since on-source and off-source data refer 
to the same zenith angle, no zenith angle dependence is considered in 
the comparison of on-source and off-source rates. 

3. Results. Observations were taken from Dec. 20, 1984 to Feb. 20, 1985, 
for a total period of 19.75 hours, comprising 11.3 hours of on-source data 
and 8.45 hours of off-source data. The three-fold prompt coincidence rate 
was adjusted to be 0.4 per second, for single channel rates of ^ 20kHz. 
The delayed coincidence rate was less than 10% of the prompt coincidence 
rate throughout the course of these observations. A total of 22,730 events 
were recorded and the ratio of on-source to off-source counting rate was 
found to be 1.17. 

The search for periodicity was realized by generating 30-bin 
phasograms for 41 periods, in the range of 59-61 seconds, at 0.05 second 
interval, both for the on-source and the off-source data sets. In the absence 
of an ephemeris for this source, t c was chosen to be the start of our obser- 
vations (J.D=2446055.27083333), so that the calculated phases are not 
absolute and cannot be compared directly with those derived by earlier 
workers [4,5]. As shown in Figure 2, the highest signal-to-noise ratio was 
found at a period of 60.25 seconds, where we see a statistically significant 
(3.3 <r ) peak at a phase value of 0.46. No such structure is seen in the 
case . of off-source data. The probability that the peak at 0.46 phase is 
due to chance is estimated to _£e 1.01x10 ° for a single trial, while the 
probability increases to 4.15x10 3 when the total number of independent 
trials is considered. 

Figure 3 shows the distribution of % values for various periods 
in the range of 59-61 seconds. As is obvious, attains a maximum value 
of 52.3 (for 29 degrees of freedom) at the period of 60.25 seconds, showing 
that the phasogram for this period exhibits non-randomness at a confidence 
level of 99%. ( Assuming that the peak at 0.46 phase is due to gamma-rays 
of ^ 6.1x10 a eV, we can compute the gamma-ray flux from the source 
as 9.5x10 'photons cm s at the 99% confidence level. 

4. Discussion . The Einstein Observatory and Exosat x-ray observations 

of 'Geminga' reported by Bignami et al. [4] reveal a period = 60.06 seconds 
and p = 4.68x10* s s for the Sep. 1983 epoch. If these results are correct 

and also valid for our observation period, we should expect p fl = 60.26 

seconds during the period of our observations. This is very close to the 

period of 60.25 seconds derived by us from our preliminary analysis of 
the Gulmarg data and confirms both the periodic nature of gamma-ray 
emission from this source as well as its high period derivative. It may 

be mentioned here that because of the limitations of our analysis, the 
period derived above could be in error by ± 0.05 seconds. A direct comparison 
of the light curve derived by us with that derived by earlier workers [4,5] 
is not possible due to the different t a used in getting the various results. 
However, a 10-bin phasogram constructed from our 30-bin phasogram 
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(Figure 2) exhibits a striking similarity with the x-ray light curve [4], 
with a main peak at o.4 phase and an intermediate peak at 0.8 phase. 

-12 _z _i 12 

The gamma-ray flux of 9.5x10 photons cm s at 6.1x10 eV, 
estimated from the present study, compares favourably with the value 
of (5±3)x 10“ photons cm 4 s' 1 at E ^ 10**eV, obtained from the ground-based 
observations at Tian-Shan [5] and is compatible with a power law energy 
spectrum with exponent = -2.3. 
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ABSTRACT 

COS-B data relating to 5 observations in the general direction of 
Geminga, spanning 6. 7 years , have been searched for pulsation near 
59 s. The SAS-2 indication is not confirmed. 

1. Introduction. An indication of a 59 s qulsation in the gamma-ray emis- 
sion from 2CG195+04 (Geminga) was reported by the SAS-2 group (1); it was 
not considered statistically compelling and confirmation by further expe- 
riments was demended. Early analysis of COS-B data supported the result 
(2) while later improved statistics did not confirm it (3). Subsequently 
other authors (4,5) reported detection of a 59 s pulsation in the emis- 
sion from the direction of Geminga at ultra high gamma- and X-rays. In 
particular Bignami et al. (5) used a compilation of all the claimed dete- 
ctions to identify Geminga with the X-ray source 1E0630+178, discovered 
by the EINSTEIN satellite inside the error box of 2CG195+04 (6), although 
Buccheri et al . (7), after a statistical analysis of all the reported 
detections, dispute that the identification can be made. Leahy et al. (8), 
on the other hand, find the X-ray and the UHE results acceptable. 

Reported below is the analysis of the final COS-B data on Geminga which 
was observed 5 times for a total of 214 days. 

2. The data base used. Table I shows the parameters of the 5 COS-B obser- 
vations used here. Photons with energy between 50 and 3000 MeV were se- 
lected using an energy dependent acceptance cone (9). Their arrival times 
were transformed from the satellite to the Solar System Barycentre using 
the position of the X-ray source 1E0630+178, candidate counterpart of 
Geminga. The precise choice of the position is however not important in 
this case due to the value of the period investigated. 
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OBS. 

no. 

• 

START 

END 

Aspect 

Angle 

Effective 
Observ. 
Time (d) 

Photons 
Oe tec ted 

N t (1) 

Expected 
Background 
Photons N B 

Expected 

"c (2) 

Period 

range 

searched 

(ms) 

no. of 
steps 

1 

75/8/17 

75/9/17 

15.2 

18.81 

200 

88 

4.6 

141 

215 

14 

76/9/30 

76/11/2 

0.2 

20.60 

467 

183 

12.5 

198 

321 

39 

79/2/22 

79/4/3 

6.7 

16.75 

341 

146 

8.0 

319 

637 

54 

80/9/4 

80/10/17 

9.5 

12.02 

201 

87 

4.7 

397 

843 

64 

82/2/18 

82/4/25 

6.5 

19.21 

353 

129 

10.3 ' 

472 

1553 


(1) The acceptance cone used for selection is defined by 6^12. 5E’° l6 (Buccheri et 
al. 1983) 

_ f 2 i (N t -Nn) 

(2) Defined by n Q = ■ , . . where 6=0.14 and f>0.27 are deduced 

8 t from SAS-2 and N=20 is the adopted 

no. of histogram bins 


3. Searched intervals . The value P = 59.0074s and P = 2.23xl0 _9 s/s, va- 
lid at the epoch JD = 2441665.5 (10) have been used as a starting point 
for the search. We attached to these values the uncertainties 0.002s and 
8x10" s/s respectively and extrapolated to the epochs of the 5 COS-B 
observations to obtain the actual range of values of the period to use 
for the search. Fig. 1 shows the extrapolation and table I gives the adop- 
ted search intervals together with the number of steps necessary to cover 
them at a stepsize equal to half a phase shift (also given in table I). 
These intervals include the range of periods discussed in ref.5. The as- 
sumed uncertainty in P is comparable to half phase shift stepsize for the 
individual COS-B observations and therefore no scanning in P has been do- 
ne. 

4. Predictions . The gamma-ray flux of 2C61 95+04 is stable throughout the 
9.3 years elapsed between the SAS-2 observation and the last COS-B measu- 
rement. Assuming that the pulsed fraction (> 27%) and the duty cycle 

14%) are the same as measured by SAS-2, a lower limit on the signal 
expected in the COS-B data, using the epoch folding, is given in table I. 
For a sinusoidal signal the ability to resolve the same pulsed fraction 
is reduced to the 2-3 sigma level. 

5. Analysis and results . The barycentric arrival times obtained in each 
of the 5 COS-B observations have been folded with the P value covering 
the intervals shown in fig. 1 (and table I) and with the SAS-2 P value. 
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Fig.l - Period intervals investigated in the present analysis for each 
of the 5 COS-B observations with Geminga in the field of view 


For each of the derived 20-bin histograms, the application of Pearson's 
test gave the number n 0 = (x* " 19)//38 which is plotted in fig. 2 to- 
gether with the predictions. The following comments can be drawn: 

a- the highest n value is 4.5 corresponding to a chance occurrence pro- 
bability of 0?45xl0" 3 . Such an effect is expected due to the 3569 
trial periods scanned. 

b- the distribution of the n 0 's fits well with that expected from ran- 
domly distributed arrival times. 

c- the measured n a ’s are always well below those expected from SAS-2. 

We have. also attempted to fit the individual photon arrival times with a 
sinusoidal signal as reported in (5) for the ranges of frequencies impli- 
cit in fig.l. A number of peaks in likelihood estimated of the power 
spectrum were found above the 2-3 sigma level as expected from randomly 
distributed data. 

6. Conclusion . The present analysis which uses all the available COS-B 
data does not confirm the presence of a 59s pulsation in the gamma-ray 
flux of Geminga with the signal characteristics reported by SAS-2. For 
a sinusoidal signal at the modulation level reported in ref. 5 no conclu- 
sion can be drawn. 
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(4) Department of Physics, Iowa State University 
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ABSTRACT 

Observations of Geminga made at the Whipple Observatory 
using the atmospheric Cherenkov technique during the 
moonless periods of November 1983 - February 1984 and 
November 1984 - February 1985 have been examined for 
evidence for the emission of gamma rays with energy in 
excess of 400 GeV. The data were searched for evidence of 
either a steady flux or a flux pulsed with a period near 60 
seconds. In neither case was any significant effect 
observed, enabling us to establish 3 sigma upper limits of 
5.5x10-11 photons cm-2 s-1 and 2.0x10-11 photons cnr2 s-1 
for the steady and pulsed emission respectively. The limit 
to the pulsed flux is approximately a factor of six below 
that predicted by Zyskin and Mukanov (1983) at this energy. 

1. Introduction . The high energy gamma-ray source Geminga 
(2CG 195+4) was discovered by the SAS-II experiment in 1975 
(Kniffen et al, 1975; Thompson et al, 1977) and was indepen- 
dently detected and studied in greater detail by the COS-B 
experiment (Hermsen 1983). With an integral flux of ~5. 10-6 
photons cm-2 s-1 at 100 MeV it remains, ten years after its 
discovery, the brightest unidentified object (and second 
brightest overall) in the sky at these energies. Its inten- 
sity, combined with its location in the direction of the 
galactic anticenter, have made it a prime candidate for 
identification with objects detected at other wavelengths. 

At the present time the available evidence points to, but is 
incapable of deciding between either a nearby (A/i00pc) soft 
spectrum x-ray source, possibly a collapsed star, (Bignami 
et al, 1983) or an extragalactic, flat-spectrum radio source 
(Spelstra and Hermsen, 1984; Moffat et al, 1983). 

Since the early suggestion of a possible, ^ 59-second, 
periodicity in the 100 MeV gamma-ray flux (Thompson et al, 
1977) further information on the nature and possible 
counterpart of Geminga has been sought from studies of the 
time variability of its emission. Again the present 
experimental situation appears confused with evidence being 
presented both in favor of (Zyskin and Mukanov 1983; Bignami 
et al, 1984) and against (Buccheri et al, 1984) the 
existence of such a periodicity. 



174 


OG 2.4-4 


In this paper we present results of a search for a flux of 
gamma rays, either continuous or pulsed, with energies in 
excess of / v400 GeV from the direction of Geminga. 

2. Data. The data were taken with the F.L. Whipple 
Observatory 10-meter reflector (Cawley et al, paper 

OG 9.5-4, this conference) on clear moonless nights during 
the periods Nov 1983 - Feb 1984 and Nov 1984 - Feb 1985. 
Observations were generally made by alternately tracking the 
source (“ON" SCAN) and a comparison region (“OFF" SCAN) over 
the same range of zenith and azimuth angles for periods of 
28 sidereal minutes. On occasion the source was tracked 
continuously for periods of ^ 3-6 hours to facilitate the 
search for pulsed emission. On all occasions the arrival 
time of each air shower was recorded, with the aid of a 
clock synchronised to WWVB, to an absolute accuracy of +0.5 
msec, with a resolution of lyus. 

3. Analysis. Before being incorporated in any analysis all 
scans, for both "ON" and "OFF" regions, were examined for 
evidence of possible systematic effects e.g. significant 
deviation from Poisson counting statistics. This resulted 
in the elimination of 10 "ON-OFF" scan pairs from the 
original sample of 38 pairs taken under good observing 
conditions. Three scans, in which Geminga was tracked 
continuously were also judged suitable for analysis. 

3.1 Steady. Emission. The raw data from the 28 "ON-OFF" 
scan pairs comprise a total of 87,983 showers "ON" and 
87,419 "OFF" an excess of 564 events (1.400 implying a 3 
sigma upper limit to the flux above 400 GeV of 3.9x10-10 
photons cm“2 s~l. The raw data were then subjected to a cut 
designed to preferentially pass gamma-ray initiated showers 
whilst rejecting nuclear initiated showers with an effi- 
ciency of 'v* 90% (Cawley et al paper OG 2.3-1 these proceed- 
ings). The total numbers of events in this enhanced sample 
were 1,352 "ON" and 1,253 "OFF" — the excess of 99 events 
is not judged to be significant, differing from zero by 1.9 
sigma. Assuming a collection area of 1x104 m2 for these 
selected events (Cawley et al. OG 9.5-4 these proceedings) 
the observing time of 766 minutes implies a 3 sigma upper 
limit of 5.5x10-11 photons cm-2 s-1. This limit is plotted 
in figure 1 along with the results of other experiments. 

3.2 EaiiQ die Emission. Fifteen hours of data, from four 
separate nights, in which Geminga was tracked have been 
examined, independently, for evidence of possible pulsed 
emission near a period of sixty seconds. The time of 
arrival of each event passing the cut designed to preferen- 
tially select gamma rays was folded at periods in the range 
58.75-61.75 seconds and, to facilitate comparison with other 
experiments, the resultant phase distribution displayed as a 
twenty bin histogram and tested against uniformity with 
chisquare. Tfo e period was incremented uniformly over the 
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2 . 

range scanned in steps of (58.75) /(2x20xT) seconds f where T 
is the duration of the scan in seconds. The maximum reduced 
chisquare observed in any scan was 2.3 (19 dof) correspond- 
ing to a chance occurence probability of 10~3, as there 
were 300 independent trial periods used in the analysis of 
this scan the probability reduces to 0.3. No systematic 
trend in the period associated with the maximum chisquare of 
individual scans was noted. 

From the four nights' observations a 3 sigma upper limit to 
the pulsed flux of 2.3x10-11 photons cm~2 s~l was estab- 
lished. 

4. Conclusions . From a comparison of 13 hours of "ON" 
and "OFF" source data and 15 hours of tracking data we 
deduce 3 sigma upper limits of 5x10-11 photons cm-2 s~l 
and 2.3xlO“H plates cm - 2 to the steady and pulsed flux of 
gamma rays above 400 GeV from Geminga. The latter flux is 
approximately a factor of six below that predicted by the 
E“l»3 extrapolation of Zyskin and Mukanov(1983) between 
their observations at 1000 GeV and those of COS-B at 0.1 
GeV. Thus Geminga has not been confirmed as a source of VHE 
gamma rays. 
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Abstract 

The source 2CG 195+4 (Geminga) was observed 

12 

at Ej- ^ 2x10 eV in December, 1983- with the 

Tien Shan high altitude facility. The mean 

— 11 

gamma-flux was equal to (7*0+4.5)x10 

2 ~ 

quanta/cm sec. Probably the gamma-ray flux 
is varying with the time with a period 59*49 s. 

Gamma-ray source 2CG 195+4 is one of the most fascinating 
objects and attracts continuous attention of the investigators. A 
number of theoretical papers dedicated to this object propose its 
models or discuss probable mechanisms of energy generation, as in 
Meanwhile, the works dealing with the observational data 
treatment are rather controversial s alongside with the results 
confirming the variations of the flux [ 3 ] , the reality of ^ 59 sec 
gamma-flux periodicity [*4l , there exist some works that are rather 
sceptical about the reliability of such results £7! • All this pre- 
determine the undubitable importance of further observations of the 
gamma-source 2CG 195+4. 

We carried out the observations of 2CG 195+4 earlier (in 1979 

and 1981) with the equipment located at the Tien Shan High Altitude 

Station of Lebedev Institute [8] . The 1979 observations did not 

yeild any reliable results, whereas 1981 observations showed the 

12 

presence of gamma-flux variability at Ej' 5*2x10 eV with a period 
T=59*28 sec. The 1983 observations were carried out during the in- 
terval from the 9-th till the 27-th of December in the energy range 
12 

Ej 3 2x10 eV with the facilities and techniques of the observations 
and preliminary data sampling being practically the same as adopted 
for 1979 and 1981 observations and described in [9] • A scanning 



178 


OG 2.4-5 



59.4 


59 .£ PERIOD (sec) 


Figure 1 . 

The dependence of -value 
on the trial period according 
to the 1983 data (number of 
bins N=7). 


technique was employed involving the reading of the source and the 
background in the vicinity of the source. 

Sampled material constituted of 12 scannings or 4320 values of 
Cerenkov flashes intensities, the overall exposure time of the sour- 
ce was equal to the total background exposure, i.e. 144 minutes. 

The mean value of Cerenkov flashes intensities processed was 24.88 
events per minute for the source and 24.03 - for the background ob- 
servations. The mean amplitude of the effect (the excess of Cerenkov 
flashes counting rate in the direction to the source) is A=3.3+2.4?(. 



Figure 2 . 

The light curve of 2CG 195+4 

a - represents 1981 data, 
b, c - 1983 data(for"b" the 
number of bins N=11, for"c" 
N=7). 
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1972 1976 1980 1984 

Figure 3 * 

The dependence of T 
periods on time for the 
gamma-ray source 

2CG 195+4. 


2441000 2443000 244 5000 32) 

that corresponds to the value of the mean gamma-ray flux from the 
sourc e =( 7 * 0 + 4 # 5 )x 10 ~^quanta/c m^sec . 

The whole material was subjected to tests so as to search for 
time variability of the emission, the range of the trial period 
being limited as 59 sec ^ T ^ 61 sec. Since the periodicity could 
be contaminated by instrumental or procedure origin, the background 
observations were also sampled. A fragment of the obtained periodo- 
gram is shown in Fig. 1 . In the indicated range the only statisti- 
cally significant peak has been found corresponding to the value of 
period T=59*^88 sec = 3^«8, which is the probability of random 

deviation p 5x10 being multiplied by the number of independent 
trials gives 0.01). Figure 2 shows the light curve that would 
correspond to this value of period. The run of the curve has a 
strong similarity with the one obtained in the 1981 observations [8]. 
The obtained period being conjuncted with the value T=59.28 sec (ac- 
cording to 1981 data) yeilds the derivative of the period equal to 
T= 2 . 3 x 10 ^sec/sec (see Fig. 3). 

The results, we hope, might constitute an additional evidence 
in favour of the reality of gamma-flux variations at very high 
energies with a period around 59 sec, as observed from the source 
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AND P§R 0950 + 08 
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and P. R. Vishwanath 

Tata Institute of Fundamental Research, Bombay 400 005 

India 

Recently there is a revival of interest in Geminga (2 CG 195+04 ) 
which was seen to exhibit a periodicity with a period of 59 to 60 s 
in its emission of X-rays, GeV gamma rays and TeV gamma rays; see 
Bignami et al^ for a review. During the winter of 1984-85, we observed 
this object to see if it emits TeV gamma rays with a periodicity 
w 60 s. The observations were carried out at two different sites 
separated by 11 Km with the Ooty Atmospherib Cerenkov Array split into 
two parts; see Bhat et al for a description of the array; Data were 
collected during clear moonless nights for a total duration of 15.3 
hours spread over 2 months, at each site - of this, 5.3 hours' data 
were simultaneous. ,Since the first time derivative of period is 
believed to be large ( P ^ 3 . 5 . 10 s s~ ) and uncertain 

1 I H Q 1 

( |AP| ^ 1.5.10 s s”; we sub-divided our total data into 
segments of duration not more than 3 days each to steer clear of the 
effects of P in our phase analysis. If TeV gamma ray signals are seen 
in each of these segments, it is possible to derive P from our own 
data. The analysis is in progress and the results will be presented. 

According to certain pulsar models, Y-rays are produced in 
the vicinity of the polar caps of a neutron- star . These Y -rays 
subsequently initiate e + - e“ pairs which may finally lead to the 
emission of radio waves by coherent curvature radiation. As a result 
one would expect a correlation between radio and Y -ray emission 
from at least a class of pulsars. With this scenario in mind we 
planned to search for any possible correlations between radio emission 
at 327 MHz and the TeV energy Y -rays from the nearest pulsar 
viz: PSR 0950 +08. 

This strong radio pulsar was observed with the Ooty radio 
telescope operating at 327 MHz , The individual .radio pulses which 
were detected were converted into logical pulses and transmitted over 
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the telephone lines to the Cosmic Ray Laboratory where the same 
source was being observed in the TeV energy gamma ray range using the 
atmospheric Cerenkov technique. See Bhat et al? for a description of 
the array. Both the atmospheric Cerenkov and the radio event times 
suitably tagged were recorded. At the radio telescope site the radio 
pulse heights at 6 different bands (each of band width 300 KHz) 
were recorded. The sampling time used for acquisition was 10 msec, and 
the time constant used for pulse integration was 5 msec. At the Cosmic 
Ray Laboratory, we have also recorded the Cerenkov light pulse heights. 

We have recorded 15 hours of simultaneous observations out of a 
total of about 36 hours of gamma ray observations. The radio pulse 
arrival times were used to obtain the pulsar elements which in turn 
were used to obtain the pulsar phasograms of the gamma ray data. Also 
phasograms in association with the radio events as a function of 
various radio pulse heights were obtained. 

The results of the above analyses will be presented. 
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HE AO 3 UPPER LIMITS TO THE EXPECTED 1634 KEV LINE 
FROM SS 433 
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USA 


1, Introduction. We have previously reported (1, hereafter paper I) 
evidence for gamma-ray line emission at energies near 1.5 MeV and 1.2 MeV 
from the peculiar optical, radio, and x-ray variable star SS433. 
Because of the pattern of energy variability, as reported In paper I, we 
Interpreted the observed spectral features as originating from the 1369 
keV excited state of 24 Mg, Doppler-shifted according to the ephemerls (2) 
for the optical emission lines, which Is explained by the standard 
kinematic model (3, 4) In terms of oppositely-directed relativistic Jets. 
An alternative explanation (5) attributes the features to Doppler-shifted 
* 4 N emission at a rest energy of 1380 keV arising from thermonuclear 
processes, essentially the CNO cycle, occurring In the jets. However, 
this model predicts a companion 6176 keV (rest energy) line which Is only 
marginally observed (6) If It Is present at all, and which does not 
appear to have the required Intensity. 

Ramaty, Kozlovsky, and Llngenfelter (7) have developed a model based 
on 24 Mg( 1 369 ) as the source of the lines In which refractory grains In 
the jets, containing Mg and 0, are bombarded, (as seen In the frame at 
rest with respect to a the jet), by ambient protons In the local ISM. 
The narrowness of the features results because the recoil Mg nucleus Is 
stopped In the grain before the 1369 keV excited state decays. However, 
as was pointed out by Norman and Bodansky (8), a consequence of the 24 Mg 
Interpretation Is the expected appearance of other emission lines, due to 
20 Ne and 23 Na, which are produced by proton bombardment of 24 Mg at the 33 
MeV/nucleon energy corresponding to the velocity 0=0.26) of the jets. 
These lines appear at rest energies of 1634 keV and 1636 keV, respective- 
ly, and should, If the observed features arise purely from proton 
bombardment of magnesium, have essentially the same total flux as that 
emitted at 1369 keV. 

We have examined the HEAO 3 data In order to search for the 1634 keV 
(rest) emission predicted by Norman and Bodansky (8). Section 2 
describes the observation and analysis, section 3 the results, and 
section 4 discusses the Implications for our understanding of SS 433. 

2. Observation and Analysis. The Jet Propulsion Laboratory High Resolu- 
tion Gamma-Ray Spectrometer, flown on HEAO 3 from 1979 to 1980, has been 
described by Mahoney et al . (9). The experiment observed the region of 
SS 433 from 1979 September 26 until the HEAO scan plane moved away from 
the source in early November. The most compelling spectral features 
reported in paper I were observed during the October 10.6 to October 29 
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time period, and only these data are discussed here. During this period 
the resolution of the Instrument ranged from about 3 to 7 keV (FWHM) for 
energies between 1 and 2 MeV (10). 

Data were excluded at high geomagnetic latitude (L > 2), after 
passages through the South Atlantic Anomaly, when contaminated by charged 
particles, or when the Instrument viewing axis pointed more than 100° 
from the zenith. We then fit the data within ±160° of the source to a 3- 
component linear model, Independently for each detector, In each energy 
channel. The 4 keV energy channels used In the analysis were chosen to 
match the Instrument resolution. The linear model Included a constant 
background component, a background component proportional to the high 
energy radiation environment, and a source at the position of SS 433. We 
have found the radiation environment to be proportional, to a good 
approximation, to the observed detector count rates over 10 MeV. The 
functional form of each term being known, In particular the Instrument 
point-source response as a function of angles and energy (9), the fit 
returns estimates of the amplitude of each term and Its error. In order 
to reduce the effects of systematic errors In background subtraction, we 
have performed the analysis on an Individual scan basis, first fitting to 
obtain a background-subtracted flux estimate for each, and then combining 
fluxes by weighted averaging (11). In effect this allows the nominally 
constant part of the background to vary on a timescale longer than the 
20-mln spacecraft spin period. 

Because other possible cosmic sources of MeV radiation In the region 
have been Ignored, especially the Cygnus sources and the Galactic Center, 
broad-band continuum fluxes obtained are subject to possible contamina- 
tion. However, in the absence of a fortuitous energy coincidence with an 
actual strong narrow cosmic emission feature, we expect no effect on our 
estimates for narrow line fluxes. 

3. Results. Figure 1 shows the spectrum around 1787 keV, where we 
expect the Doppler-shifted 1634 keV 2 ®Ne feature from the approaching Jet 
to appear, assuming the 1497 keV feature shown In Figure 1 of paper I 
arises from 1369 keV emission. The solid curve Is a fit to a constant 
continuum and a Gaussian line centered at 1787 keV, with width given by 
the observed 1.5 MeV emission. It Is clear that no Indication of any 
line appears, the fitted flux being (0 .6±2 .0) x io -4 photons cm -2 s -1 

4. Conclusion. As pointed out In (7), the 1369 keV feature could also 
arise from spallation of 28 S1 to 24 Mg without producing anything at 1634. 
This however should produce an emission feature at a rest energy of 1779 
keV from excitation of the silicon, the blue component of which, corres- 
ponding to the 1497 keV feature (1), would appear In our data near 1944 
keV. Thus this possibility pushes down the requirement for the 1634 keV 
feature, but demands a new one at 1779 keV. 

It may also be possible to save the model of 24 Mg emission excited 
by ambient protons by making use of the fact that the cross-section (12) 
for production of 1634 keV gamma rays by protons on magnesium drops off 
rapidly below about 20 MeV, but that for producing the 1369 keV excita- 
tion remains large down to about 5 MeV. 
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Figure i. Spectrum of SS 433 in the region which 
corresponds to 1634 keV rest energy. 


Thus we conclude that the emission does not result primarily from 
bombardment of jet 24 Mg with protons at an interaction energy of the 33 
MeV corresponding to the jet velocity, as originally proposed (1). 
Whether 24 Mg (1634) Is Involved at all, either secondary to Si 
bombardment or at some energy lower than 33 MeV, awaits further 
experimental or theoretical clarification. 
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ABSTRACT 

We have searched data obtained with the Gamma Ray Spectrometer (0.3-9 
MeV) aboard the Solar Maximum Mission satellite from 1980 to 1985 for 
evidence of the reported Doppler shifted lines from SS433 (1). Our 

data base covers a total of 468 days when SS433 was in the field of 
view and includes times of quiescent and flaring radio activity. In 
9-day integrations of the SMM data we find no evidence for gamma ray 
line emission from SS433. The 99? confidence upper limits for 9-day 

integrations of the shifted 1.37 and 6.1 MeV lines are 1.3 x 

10 _s y / cm 2 — s and 7 x 10 -1 * y/ cm2 -s, respectively. The 360-day time 
averaged upper limits are <2 x lO - * Y /cm 2 -s (99? confidence limits) for 
both lines. 

1. Introduction. The morphology of the supernova remnant (SNR) W50 is 
peculiar in that it is basically a circular SNR with extensions to the 
east and west. In the center of the circular section lies SS433. 
SS433 is a binary star with orbital period 13 days. Optical and radio 
studies indicate that the secondary precesses with a period of ~ 1 64 
days. What makes SS433 interesting is that it is one of the two known 
Galactic sources to emit dual-opposing relativistic beams. What makes 
it unique is that it is the only source in which these beams have been 
imaged. They have been imaged both at radio and X-ray wavelengths. 

The beam axis is aligned with the extensions of the SNR, and the beams 

are thought to be responsible for the peculiar morphology of W50. 

We have studied SS433 to confirm the HEAO-C results (1,2). These 
results were the detection of two narrow, Y_ray lines at ~1.5 and ~1.2 
MeV which appeared to move in accord with the optical ephemeris of 
SS433, if the lines are interpreted as the blue and red shifted 
components of the 1.368 MeV line of Mg. The fluxes appeared to vary 
by a factor of ~3 in 2-3 day integration periods. The fluxes, averaged 
over 46 days were reported to be (1.5 + 0.3) f.u. and (1.1 + 0.2) f.u^ 
for the 2 blue and red beams, resp. (Note: 1 f.u. = 10~ 

photon/ cm -s) . Finally, models trying to account for the reported 
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emission suggested that a line near ~6.1 MeV (rest energy) arising from 
0 should accompany the 1.3 MeV line (3,4). The HEAO-C group reported 
weak evidence for such emission (2,5). 

A detailed description of the 1980-1983 study is given in ref. 6. 
In this paper we augment our previous study to include the 1984-1985 
observing season. 

2. Data Analysis. We have used the Gamma Ray Spectrometer aboard the 
Solar Maximum Mission (SMM) satellite to search for Y_ ra y lines from 
SS433. The source is in the field-of-view from November to March each 
observing season. We have analyzed 468 days of data spanning the 
1980-1985 seasons, with the exception of the 1983/4 period when the 
satellite's tape recorders were not operating. Due to Earth 
occultation, SAA traversals, etc., the effective duty cycle is ~50%. 

We have taken several approaches to the data analysis. In the 1-3 
MeV range: 1. We integrated the data for 9-days (comparable to 
HEAO-C). Next, we subtracted high rigidity, "sky-viewing" spectra from 
"Earth-viewing" spectra to reduce the effects of instrumental and 
calibration lines. 2. We also integrated the data for 3 days to look 
for the type of short term variability reported by the HEAO-C group. 
In this case we subtracted adjacent 3-day sums to reduce the effects of 
background and calibration lines. In analyzing the 3-9 MeV range, we 
used 9-day integrations of high rigidity, "sky-viewing" spectra. Since 
this portion of the spectrum does not contain many instrumental lines, 
no subtractions were performed. 

To get a measurement of the intensity of the SS433 lines, we 
fitted the spectra over the energy range of interest with a continuum 
and a Gaussian line profile of ~80 kev ( FWHM- the instrumental width) 
at the energies predicted by the SS433 ephemeris. Residual calibration 
and instrumental lines were also included in the fits when required. 

3. Results. Figures la and 1b show that SMM did not detect any 
shifted ~1.3 MeV lines with intensities comparable to that reported by 
HEAO-C. Figure 1c shows the 2.7 GHz radio light curve (7,8) for SS433 
which is included because of the reported correlation between a radio 
flare and the detection of the Y-ray line emission (1). However, as 
can be seen, this radio flare was not unusual. During the course of 
the SMM observations, SS433 exhibited strong and weak radio flaring 
episodes as well as quiescent periods; however in no instance was 
significant Y-ray emission detected. 

Our search for the reported narrow, Doppler shifted 6.1 MeV 
feature was negative (6). We have also searched for Doppler shifted 
emission from the intrinsically broad 4.4 MeV line of carbon. SMM is 
sensitive to this line whereas HEAO-C was not due to differing spectral 
resolutions of the instruments. The results of this search were also 
negative. 

Our results are given quantitatively in Table I. For comparison, 
recall that the reported HEAO-C fluxes averaged over 46 days were 
(1.5 + 0.3) and (1.1 + 0.2) f.u. for the blue and red beams, 
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respectively. Note that when we integrate over the 360*-day data base 
for the first 3 years, the resulting limits on the Y-ray line emission 
from SS433 are at least a full order of magnitude lower than the flux 
reported by the HEAO-C group. 


Table I. Results of SMM Gamma 

Ray Line Searches of SS433 

Energy of Line 

Integration Period Beam 

Maximum Upper Limit 

(MeV) 

(Days) 


(10 -5 photon/ cm*-s) 

1.368 

3 

red 

1.3 



blue 

1.3 


9 

red 

1.2 



blue 

0.7 


360 

red 

0.17 



blue 

0.13 

4.438 

9 

red 

0.5 



blue 

0.5 


360 

red 

0.07 



blue 

0.07 

6.1 

9 

red 

0.5 



blue 

0.5 


360 

red 

0.06 



blue 

0.07 


4. Disussion. How can we reconcile the disparate HEAO-C and SMM 
results? Either the HEAO-C group misinterpreted statistical 
fluctuations as real signals or SS433 exhibits unusual variability at 
gamma ray frequencies. The radio light curve provides ample evidence 
that variable accretion is occurring in the system. However, the 
HEAO-C and SMM measurements appear to require SS433 to shift into a low 
state of gamma-ray activity beginning around 1980. Two possible 
mechanisms for the variability are (a) variable opacity in the jets and 
b) variable accretion rate of matter from the secondary. However, to 
inhibit^the transmission of 1.3 MeV radiation, a density in the jets of 
n ~ 10 cm - is required. 

5. Acknowledgements. This work was supported by NASA contracts 
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Figure 1. Light curves of the 
Doppler shifted ~1.37 MeV 
gamma ray line data from 
SS433. HEAO-C data (crosses), 
SMM Data (diamonds), a) blue 
beam, b) red beam, c) 2695 MHz 
radio light curve. 
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We present a high-resolution spectrum of Cygnus X-l in the 45 to 600 
keV range. The measurement was made by the HEAO 3 gamma-ray spectrometer 
(1) during 82 days in the fall of 1979 and spring of 1980, when the 
source was in its normal low state (2). This paper reports results of a 
search for narrow emission lines from the source. 

The average source spectrum appears in Figure 1. It was obtained by 
fitting the observed data to a model consisting of a single point source 
at the position of Cygnus X-l, plus a simple background model. Since no 
component corresponding to Cygnus X-3 (8° distant from Cygnus X-l) was 
included in the model, we expect Cygnus X-3 to contribute to our spectrum 
at the level of ~10X in the lower energy region, due to the -30° (FWHM) 
angular response of the HEAO 3 spectrometer. The bins a re 2 keV wide 
from 45 to 302 keV, and 4 keV wide from 302 keV to 600 keV. The solid 
line is the best-fit Comptonized model (4) to the data, with a tempera- 
ture kT ~ 60 keV and optical depth t~2. The errors in these parameters 
are probably dominated by the idealized single-temperature model, as the 
statistical errors are small. 

The spectrum in Figure 1 shows no significant narrow features. The 
3a upper limit to a narrow 511 keV annihilation line is 3 x 10 -4 photons 
cm -2 s -1 . There is also no evidence in HEAO 3 broad-band data above 500 
keV for the broad annihilation feature observed by HEAO 1 (3). 

This research was carried out at the Jet Propulsion Laboratory, 
California Institute of Technology, under contract with the National 
Aeronautics and Space Administration. 
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Figure 1. High resolution spectrum of Cygnus X-l in its low state. 
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ABSTRACT 

Cyg X-l was observed by the CESR balloon borne telescope 
op ale, in June 1976. The high-energy spectrum of the 
source, which was in its "super low state", was seen to 
extend well beyond 1 MeV. In this paper, the observed 
low-energy 7 -ray component of Cyg X-l is compared with the 
predictions of recent models involving accretion onto a 
stellar black, hole, and including a possible contribution 
from the pair-annihilation 511 keV 7 -ray line. 

1. Introduction The hard X-ray /low-energy 7 -ray emission from Cygnus X-l was 
detected by the CESR scintillation-counter telescope OP ALE , in the course of 
a balloon flight performed in 1976, June 5-6 (1). The photon spectrum of the 
source was derived from the electron spectrum obtained in the CsI(Tl) 
detection crystal , by means of a program which used a data library consisting 
of detector responses to a set of calibrated radioactives sources (2). It 
provides for the first time an estimate of the high-energy emission of Cyg X-l 
in the 800 keV-3 MeV region, which is particularly interesting because of the 
recent report of spectral flattening in the adjacent (300-800 keV) energy 
range (3). 


At present time, the hard X-ray emission of Cyg X-l is well 
explained in terms of disk accretion onto a black hole , the hard X-ray produc- 
tion mechanism being generally believed to result from the Compton scattering 
of soft photons in the hot zone of the disk. The best fit to the hard X-ray 
spectrum, as measured by several groups (3,4,5), is obtained using the 
Sunyaev-Titarchuk ( ST ) analytical solution of the emergent Comptonized X-ray 
spectrum ( 6 ). It is then worthwile to extent this comparison in the low-energy 
7 -ray domain, only explored with the OP ALE telescope. 


2. Comparison with Comotonization spectra It is well established now that, 
in the X-ray domain, the spectrum of Cyg X-l is variable and shows several 
modes (5). Therefore, it is appropriate to determine the state of the source 
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during the op ale observation, before any attempts of comparison between 
current emission models and the observed results . 

The hatched area in Figure 1 is 



the most probable region for the 
source photon spectrum, derived 
from the statistical errors in 
the detected electron spectrum 
at the ±1<7 level. The two 
observed hard X-ray spectra 
typical of the "low state" (LS) 
and "superlow state" (SLS) are 
also displayed in Figure 1. 
Clearly, the op ale low channels 
meet the SLS points. Moreover, 
contemporary data are available 
from the Ariel s All Sky Monitor 
(ASM), yielding a 3-6 keV flux 
of ~0.09 photons cm- 2 s~ 1 keV* 1 
(7), i.e. also close to the 
typical SLS value, as reported 
by Ling e t at. ( 5 ) . In conclusion , 
all the available observational 
material supports that in 1976, 
June 5-6, Cyg X-l was in the 
"superlow state", characterized 
by low X-ray flux in both the 
soft and hard energy regions. 

Figure 1 shows the best ST Comptonized model fit to the hard X-ray SLS 
spectrum, as derived by Ling ef at. (5); with the exception of the low energy 
channels, the ST Comptonization spectrum differs significantly from the OP ale 
results. An analytical solution for the Comptonization spectrum has been also 
proposed by Colpi ef al. ( 8 ) , in the framework of a two temperature model of 
spherical accretion onto a black hole . One of their derived photon spectrum is 
well suited to the Cyg X-l case : it corresponds to an accreting black hole of 
10 M^ with an accretion rate of 10 1 ‘ g s- 1 . When normalized to the OP ale low 
channels, this spectrum still contributes beyond 300 keV, but it falls well 


FIG. 1. -Differential photon spectrum of cyg X-l derived 
from the OP ALB data (hatched area). The 3-6 keV flux 
measured in the contemporary Ariel 5 ASM observation (7) is 
also indicated, as well as the best fit Comptonization 
model spectrum to the LS and SLS hard X-ray data (solid 
line), and the best composite fit (Comptonization plus 
power law) spectrum to the OP ale data (broken line). 
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below the high-energy tail of the Cyg X-l spectrum, as inferred from the op ale 
data. 

3. Is a positron annihilation line compatible with the -v-rav data? The 
cyg X-l spectrum, as derived from the HEAO-l A2 and A4 experiments, shows also 
a significant excess beyond 300 keV, with respect to the ST Comptonization 
model (3). Nolan and Matteson (NM) have suggested that this spectral feature 
may be a broad positron annihilation line, superimposed on a ST spectrum 
adjusted to the low-energy channels (9). In order to test if the OP ALE results 
support such a possibility, and taking advantage of the detector response 
function library, a calculated electron spectrum has been derived from the 
composite NM photon spectrum, and compared with the data points as measured in 
the detector. 

It should be noticed that the NM analysis relate to an average 
spectrum, derived from 3 extended observations, during which cyg X-l was in a 
more active state (LS), than during the op ale observation. In order to favor 
the comparison, the NM spectrum has been normalized (by a factor of ~0.5) to 
match the low channels of the op ale SLS spectrum. In spite of all, the result 
is an unacceptable fit (x 2 s:17 for 5 degrees of freedom), most of the excess x 2 
coming from the higher energy range. This tends to rule out the possibility 
that the 7-ray excess may be due to positron annihilation alone, either as a 
broad 511 keV excess (9), or as a continuum resulting from the Comptonization 
softening of pair-annihilation induced photons (10). 

4. Discussion At this point, it appears useful to question if the observed 
7-ray excess is entirely related to Cyg X-l. Firstly, it should be stressed 
that the Crab Nebula spectrum, as measured by the same experiment (11), 
appears fully compatible with the power-laiw spectrum which extents from soft 
X-rays to high-energy 7-rays, without any excess in the MeV region. This rules 
out any interpretation of the observed excess in the Cyg X-l case in terms of 
locally induced background. 

Another source of background is related to the unresolved galactic 
emission. On the basis of the COS-B survey (12), it is visible that such a 
background could be certainly disregarded in the Crab Nebula observation , but 
may contribute in the Cygnus case. An estimate of this background could be 
derived in the following manner: first, one has to evaluate from the COS-B 


/ 
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results (12), the flux of the galactic emission from the Cygnus region within 
the opale field of view, and in the energy range 70-5000 MeV. Then the 
assumption is made that the entire galactic spectrum, from 100 keV to few GeV, 
proposed by Mandrou et al. (13) for the central regions of the Galaxy 
(-45°^ 4 £+45°), still holds in the Cygnus region. It is then straightforward 
to determine the unresolved galactic emission contribution in the opale 
range. It turns out that, particularly in the MeV region, this unresolved 
galactic background contributes to less than 10 % of the reported flux, which 
can be then considered as entirely due to Cyg X-l. 

It is well beyond the scope of this paper to propose an emission 
mechanism aiming to account for the low-energy 7 -ray excess suggested by the 
opale data. However, to illustrate the exigence of an additonal spectral 
component, and since ST Comptonization spectrum produces an excellent fit 
below 200 keV , a calculated electron spectrum has been derived from a compo- 
site ST plus power-law photon spectrum, and compared with the data points as 
measured in the detector. The best fit (x*» 0.9 for 3 degrees of freedom), has 
been found for a combination of a Comptonization spectrum, similar in shape to 
the SLS spectrum, but normalized by a factor of 0.65, plus an additional 
power-law spectrum dN/ dE=AxE where A=7. 50x10** photons cm-* s*» keV* 1 , and 
7 = 1 . 3. Obviously, such an additional component, as shown in Figure 1 , cannot 
extend too much in the high-energy domain, otherwise Cyg X-l would have been 
detected as a point source by COS-B . It remains that the MeV region is 
particularly intriguing in the case of Cyg X-l, and an additional 
observational effort is required to disentangle the puzzling situation raised 
by the opale observation. 
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I. INTRODUCTION. 

The COS-B tf-ray data in the direction of the { Oph dark cloud show 
an extended structure (Hermsen 1983); at the same time, the region of highest 
intensity has a spatial distribution compatible with a localized source : 
2CG353+16 (e.g., Bignami and Hermsen 1983), which we designate for short bv 
"Oph- V " in what follows . The possibility of an excess y-ray flux over what 
is expected on the basis of the interaction of average-density cosmic rays 
with an estimated cloud mass of 2-4 000 ML (at 160 pc) is still open, pen- 
ding an extended CO survey matching the y-ray data. Current estimates for 
this excess factor are in the range 2-4 . While the cloud mass may admitted- 
ly be underestimated (e.g., Issa and Wolfendale 1981), it should be noted 
that an excess of the same order appears to be present in the nearby Oph- 
Sag area, well surveyed in CO with the Columbia dish (e.g., Lebrun 1985). 

In the following, we reexamine possible reasons for a y*-ray excess, 
in view of two recent observational developments : an Einstein X-rav survev 
(Montmerle et al. 1983, hereafter MKFG) , and a VLA radio survey (Montmerle, 
Andre, and Feigelson 1985, Montmerle et al., in preparation), both covering 
the 'w2°-diameter "Oph-y " error box. 

Current interpretations link the y-ray excess to the cloud gas, in 
which some active agent is present : stellar winds (Casse and Paul 1980), 
or interaction with the North Polar Spur (Morfill et al. 1981). However,’ in 
view of the existence of y-ray sources as strange as "Geminga", it seems 
wathwhile to revisit the problem and examine the possibility that the V-rav 
excess may not be associated with the cloud . Two main cases are a priori 
possible : a compact object, such as a pulsar, or an extragalactic source, 
lying somewhere along the line of sight to the cloud. 

II. COMPACT SOURCES. 

In MKFG, it has been argued that no clear signature for a compact 
object has been found among the 40-plus X-ray sources discovered in the 
cloud . However , no X-ray source has been found within 3 /v 10' -radius circle 
containing the cloud core (Wilking and Lada 1983), likely because of absor- 
ption caused by a wy high column density (N„ > 1C>23 cnr^). The possibility 
of an unseen X-ray source within this circle definitely exists, and there- 
fore the existence of a compact source along the corresponding line of sight 
cannot be ruled out. ° 
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III. RADIO SOURCES. 

Our VLA survey has been performed at 1.5 GHz in configuration C, the 
central region of the cloud being surveyed also at 5 GHz and, in part, at 
15 GHz (Montmerle, Andre, and Feigelson 1985; see also Feigelson and Mont- 
merle 1985). The latest analysis yields, at 1.5 GHz, 54 sources within 15 T 
of the pointing directions (< 50% attenuation); in addition, 8 sources are 
shown to belong to the cloud, on the basis of various identifications at 
other wavelengths. 

However, the strongest source in the survey lies more than 15 f away 
from any pointing direction; its corrected flux density at 1.5 GHz is ^800 
mJy. Clearly visible in the 2.3 GHz survey of the Sco-Oph region by Baart 
et al. (1980), near the HII region S9 surrounding c"Sco, it is identified 
with the Parkes source PKS1622-253, hereafter simply "PKS" (Wehrle, Morabito 
and Preston 1984). All the other sources found in our survey have a flux 

density <150 mJy. PKS lies at the edge of the nominal error box, but well 

within the y~ray isophotes of the area. 

IV. 2CG353+16 = PKS1622-253 ? 

To solve this strange "equation" , we use the data on 3C273, the clo- 
sest quasar (d = 1 Gpc), associated with the only extragalactic y-ray source, 
2CG289+64 (Bignami et al. 1981). 

The data at our disposal to compare PKS and 3C273 are : radio, opti- 
cal, X-ray, and tf-ray. They have been gathered in the Table; we focus on 

the derived F ./F ratios of the j-fluxes (j = optical, X-ray, Y-ray) to the 
radio fluxes . ^It r can be seen that the F^(red)/F and F„/F ratios are quite 
comparable for the two objects; however, the Fy r /F ratio r implied by the 
identification of "Oph-y " with PKS is about 100 times higher than for 3C 
273. (It would be even larger if another of our radio sources were the ac- 
tual extragalactic counterpart.) 

V. DISCUSSION. 

a) Compact object ? 

From the X-ray data, we can only look for an object located within 
the central 10 ? of the cloud. If it is a pulsar, from the work of Arnaud 
and Rothenflug (1980), there are 5 pulsars in a 5° strip within 10V b £ 20° 
and 300° < 1 < 360° ; the probability to find a pulsar aligned with the center 
of the ^ Oph cloud is thus Pp = 4 10~4. 

Another possibility is that of a Geminga-like object , an a priori 
serious possibility since Geminga is thought to be less than 100 pc away 
from the Sun (e.g., Caraveo et al. 1984). We estimate the probability of 
identification as follows. Out of 26 y-ray sources (the 25 2CG sources, 
and 083+03, Pollock et al. 1985), 7 are known : (1 quasar), 2 pulsars, 3 
"passive" sources (Pollock et al. 1985), and Geminga itself. In addition, 
Montmerle (1985) has proposed 10 identifications with "active" giant HII 
regions. On the other hand, 3 sources are variable (hence probably compact) 

5 are unidentified. The last one is "0ph-Y", which we assume here is not 
associated with the £ Oph cloud. In all, 1 (if "Oph-y") to 9 sources can 
be Geminga-like. Assuming the HII region identifications are correct, the 
probability P. of identification of "Oph-y" with a source of this (galac- 
tic) type is therefore = 1/24 to P^ = 9/16. The probability of finding 
an X-ray-obscured Geminga-like source (which does not display detectable 
radio emission) is P^ = (10 T /2°) 2 . The final identification probability 
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p = P,P„ of identifying "Oph-’tf " with a Geminga-like source is thus: 

G 1 l a 

3 10 4 4. PqX 4 10 . 

In both cases above, it turns out that the probabilities P and Pg are quite 
low, the upper limit of P f 0.4% being probably quite strong, since it im- 
plies that all the unidentified Y^ray sources are Geminga-like -an unlikely 
possibility in view of their latitude distribution. 

b) Extragalactic object ? 

No statistical argument applies here. We note only that the condi- 
tion F-y/F (PKS) 100 Fy/F (3C273) is extremely constraining, since the 
other flux r ratios have comparable values. TheY -ra y emission from 2C273 is 
already somewhat difficult to explain (see Morrison, Roberts, and Sadun 
1984). 

VI. CONCLUSION. 

Perhaps not too surprisingly, we find that to interpret the excess 
Y -ray flux associated with 2CG353+16 in terms of objects not associated 
with the Oph cloud is indeed difficult. The possibility of invoking exo- 
tic objects cannot be strictly ruled out, but all in all, if the excess is 
real, the most probable identification remains that of the interaction of 
the North Polar Spur with the cloud, as proposed by Morfill et al. (1981). 

In fact, the same interaction probably accounts also for the Y-ray excess, 
of the same order as in ^ Oph, found in the nearby Oph-Sag region. 
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TABLE . Compared properties of 3C273 and PKS1622-253 


spect . 
range 

Y-rays 

lOOMeV-lGeV 

-a -1 

erg cm s 

X-rays 
0.2-0. 4 keV 
erg cm 2 s 

opt. (Red) 

0.6ja -0.8>\ 
erg cm 2 s* 

radio 

1. 4-5.0 GHz 

-2 “I 

erg cm s 

V F r 

F X /F r 

V P r 

3C273 

2.5 10“ 10 

IQ" 11 

2 10 -11 

1.4 10 -12 

1.8 10 2 

7 

14 

PKS 

4.5 10 -10 

3 10~ 13 

2 10~ 13 

2.8 10“ 14 

1.6 10 4 

11 

7 

Notes 

(1) 

(2) 

(3) 

(4) 





NOTES. (1) 
( 2 ) 

(3) 

(4) 


PKS : flux if identification with 2CG353+16 assumed; 

3C273 : from Bignami and Hermsen_(1983) ._ 

PKS^: upper limit from MKFG = 10 -3 cts s -1 . In the area, N„£ 10“ 21 
cm 3 , A„ £ 0.5 mag; F„ assumes integral spectrum with index $0.5. 
3C273 : from Worrall et al.(1979). 

PKS and 3C273 : from PSS red print; we estimate m D (3C273) = 13.0, 
mg (PKS) = 18.0 . K 

PKS : based on a 1.4 GHz flux desity of 0.8 Jy (this work), assu- 
ming a non-increasing spectrum between 1.4 GHz and 5.0 GHz. 

3C273 : based on a constant flux density of 40 Jy (1. 5-5.0 GHz). 
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SPECTRAL EVOLUTION OF y-RAYS FROM ADIABATICALLY 
EXPANDING SOURCES IN DENSE CLOUDS 

S.A. Stephens 

Tata Institute of Fundamental Research 
Homi Bhabha Road, Bombay 400005 , India 


ABSTRACT 

The excess of antiprotons (P) observed in cosmic rays has been 
attributed to their production in super nova_ (SN) envelopes 
expanding in dense clouds. While creating P, y-rays are also 
produced and these clouds would shine as y-ray sources. The 
evolution of the y-ray spectrum has been calculated for clouds 
of n H = K)4 and lO^/cm 3 - 

1. Introduction. The observed flux of P in cosmic radiation [1-3] has 
invoked many new ideas in recent years to explain these observations [4] . 
The observed excess of P implies large amount of matter to be traversed 
by cosmic rays and recently, Mauger and Stephens [5] have suggested the 
possibility of producing P in the envelopes of SN exploding in dense 
clouds. Cosmic rays while traversing matter produce pions and kaons, in 
addition to P. These unstable particles decay to y-rays and electrons; 
y-rays are also produced by the interaction of electrons with matter and 
radiation fields. Such sources should shine in y-rays and it is neces- 
sary’ to look for them [6]. In this paper, we derive the evolution of 
Y-ray spectrum in SN envelopes, which expand in dense clouds, and examine 
the consequences. 

2 . Theoretical Approach . The evolution of nucleon and electron compo- 
nents in supernova envelopes can be examined by solving the following 
coupled equations 


dJ 

_ dE 

£v j dBl 
X P e' 




E = 

dt 

J. (J — E) + f 
8e tJ P at* + 

j 

X P 

• » • 

(i) 

dJ 

a dE * 





e 

dt 

.4 (J eF> + 2e 



• • • 

(2) 


In the above equations, the 1st term on the R.H.S. describes the conti- 
nuous energy loss of particles. In the case of protons, this energy 
loss corresponds to ionization and adiabatic cooling, the latter being 
(dE/dt) A » l (E+2m)E/r (E+m) } (dr/dt) . The radius r and its derivatives 
are obtained from the dynamics of SN. The 2nd term describes the 
energy shift due to the finite elasticity of the interacting particle 
and the 3rd term corresponds to the loss of particles due to interaction. 
In these terms, X is the interaction mean free path and v the velocity 
of the interacting particle. In the case of electrons (Eqn.2), the 
continuous loss term contains also loss due to bremsstrahlung, inverse 
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Compton and synchrotron processes. For the inverse Compton process, we 
have used a radiation density corresponding to an optical outburst of 
10 ergs/s soon 1 after the SN explosion, which then decay with an e— 
folding time of 0.2 yi . The magnetic field inside the remnants is assu- 
med to scale as B 2 ot n H , with B = 4pG at n H = 1 atom. cm -3 . 

Equation 2 is coupled to the 1st equation through the term Q which 
is given by e 

O - r r , , dE <JE 3 

6 E y E tt e p 6 V/ ' {J P P v} dE p - ^ 2Tr(E Pj. d 9 

* • • (3) 

Here, rne integral over 9 describes the production of pions, in which p 
is the transverse momentum of pions, 9 the angle of emission and 
(E d 3 a/dp3) the invariant cross section, which depends upon E . The 
integrals over E^ and E^ take care of the energy distribution^of muons 
and electrons during decay; ¥ ' s are normalized functions. We have also 
included the knockon electrons, which are important below a few tens of 
MeV. All these parameters are taken from the work of Badhwar and 
Stephens [7] . The set of coupled equations (1) and (2) has been solved 
by Runge Kutt a method, it is assumed that the acceleration is complete 
at onset of adiabatic phase and the initial energy spectrum is assumed to 
be a power law in rigidity of the type A R~ 2 ’ 75 , where A = 2.5xl0 4 * /(m 2 . 
sr.s.GV/c) for nucleons and = 150/(m 2 .sr.s.GV/c) for electrons. The 
parameters relating to the evolution of SN in dense clouds have been 
described earlier [8], For the sake of simplicity, it is assumed that 
the size of cloudlets is such that the total amount of matter traversed 
by cosmic rays, when the envelope leaves the cloudlet, is about 50 g.cm -2 . 

During the expansion of the remnant, cosmic rays interact with 
matter to produce neutral pions which decay into Y-rays. Electrons 
interact to produce bremsstrahlung y-rays; the contribution from inverse 
Compton is very small during the adiabatic phase, y-rays thus produced 
are calculated using the following integrals. 

2 <3E .3 

p y (t) 7r° = 47T ; e f E / e ~T~ * {J D pv} d V {27T (E p, d 0> •••< 4 > 

TT° p Y * p dp 


P y (t) B = 4TT / e $ (E e ,E) py J e dE c ... (5) 

c 

Eqn. 4 is similar to Eqn. 3, except that tt° decays to y-rays and the 
energy distribution of y-rays is taken care through the integral over 
• The cross-section for tt° production is taken from Stephens and 
Badhwar [9] ; the bremsstrahlung cross-section 4>(E ,E) is with and with- 
out screening [10] . e 

3 • Y-ray Spectral Evolutxon. We have used for the calculation the in- 

terstellar cosmic ray spectrum to be the source spectrum in the SN, and 

to determine the total cosmic ray energy density in the source, the 

following procedure has been adopted. It is found that one needs 30% of 
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ENERGY IN GeV TIME IN YEARS 


Fig.l. y -ray spectra through tt° Fig. 2 y -ray brightness is plotted 

decay and bremsstrahlung are as a function of time for two n H 

shown for SN exploding in a values, 

cloud with 10 5 atom.cm~3 „ 

the cosmic ray nucleons to originate from SN in dense clouds in order to 
explain the P observations [8] . The remaining 70% is assumed to come 
from SN exploded in ordinary clouds with n^ * 10 atom.cm"^; the observed 
birth rate of these SN is one in ~30 yrs. Considering a galactic space 
with radius 15 kpc and thickness 0.5 kpc r one requires an energy release 
- 7xl0 60 eV in cosmic rays by a SN to account for the present energy 
density over a period of 3x10? yrs. It is assumed that the acceleration 
is complete in these sources around 200 yrs. The adiabatic cooling is 
expected to cease at the end of adiabatic phase, when the envelope frag- 
ments. Taking into account the energy loss processes during expansion/ 
the calculated energy output just after the acceleration is ^10^ 2 eV. 
Therefore, we use this factor to obtain y-ray brightness in our calcula- 
tions. 

The evolution of y-ray spectrum is shown in Fig. 1 for various 
stages of SN evolution in clouds of density n H = 10^ atom.cm"^. The 
ordinate brightness scale is given as photon per (GeV.s). It can be 
seen that during the early phase, the spectrum below a few hundred MeV 
is dominated by bremsstrahlung radiation and as a result, the total spec- 
trum can be represented by a simple power law. However, at the later 
stages, tt° decay y-rays become dominant. In order to examine the varia- 
tion of the total intensity with time, we have plotted in Fig. 2, the 
integral brightness above 100 MeV as well as above 30 MeV as a function 
of time, for n H = 10^ and 10^ atom cirT^; the upper scale is for n H = 10^ 
atom. cm" 3. 
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It can be noticed from Fig. 2 that, these sources are visible even 


upto far end of the Galaxy, if the threshold for detection is good to 
10” 6 photon/ cm 2 for n H = 10 3 atom. cm - 3 . The life time of this source is 
only a few hundred .yrs. and hence the number of such sources would be 
small: in a given time, in the case of n H = 10 4 atom. cm -3 , the threshold 
needed®detect them over the entire galaxy is <10“ 7 Photon. cm -2 . The 
energy dilution of cosmic rays in these sources from the onset of the 
adiabatic phase till they travel 50 g.cm -2 of matter is estimated to be 
by a factor 24.5 and 55 for njj = 10 3 and 10 4 atom. cm -3 respectively, 
which can be compared to 17.5 for n H = 10 atom. cm” 3 . Therefore, the 
number of such sources in the galaxy in comparison with the number of SN 
exploding in normal cloud is 0. 6:1.0 and 1.34:1.0 for n H = 10 3 and 10 4 
atom. cm -3 respectively. This would mean that equal number of SN are 
exploded in dense clouds with diameter $ 1 pc, but only a few of them 


would be visible for observation. 
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SUPERNOVA EXPLOSION IN DENSE CLOUDS IN THE GALAXY 
AND THE COS-B GAMMA RAY SOURCES 


S.A. Stephens 

Tata Institute of Fundamental Research 
Homi Bhabha Road, Bombay 400005, India 


ABSTRACT 

Supernova (SN) exploding in dense cloudlets produce large flux 
of Y-rays. They would shine on Y-ray sources, but their life 
time is small » We calculate the flux distribution of these 
sources in the Galaxy and compare with the Cos-B catalogue of 
sources . 


1. Introduction, it has been pointed out recently that large flux of 
secondary antiprotons (p) is produced in envelopes of SN which explode in 
dense cloudlets in the Galaxy [1] . Taking into account all energy loss 
processes, including adiabatic cooling, it is shown that the resultant 
spectral shape of these p match the observations [2] . These SN should 
also be an intense source of Y-rays [3] , but their life time in the 
cloud is small. The absolute brightness and time evolution of these 
sources depend upon the density of the cloudlets [4] . Because of these 
reasons, the number of such sources in the Galaxy at a given time, is 
small and its brightness depends upon its age and the distance from the 
Sun. We have calculated the flux (>100 MeV) distribution of these Y~ray 
sources, by folding in the surface density of molecular hydrogen in the 
Galaxy and the density distribution of cloudlets. These estimates are 
compared with the observed distribution of Cos-B sources [5] . 

2. Y-ray Production in Sources. During the evolution of SN in dense 
clouds, cosmic ray nucleons interact with matter to produce tt° decay y- 
rays. As the matter traversal increases, the spectral shape of nucleons, 
which is initially assumed to be a simple power law in rigidity, flattens 
due to ionization loss, and the Yrray spectrum near 70 MeV peak is also 
altered [4]. Electrons interact with matter to produce bremsstrahlung 
Y-rays. Electron spectrum evolves rapidly with the age of SN. The 
initially accelerated electrons are depleted by synchrotron energy loss 
process at high energies, and the spectrum is dominated by secondary 
electrons during the late stages of evolution. At low energies, the 
spectrum is flattened due to ionization loss. As a result of these, the 
relative contribution of bremsstrahlung y-rays decreases with time, we 
have calculated the Y~ray spectrum from these sources as described else- 
where [4] . 

From the study of p produced from these sources, it is shown that 
about 30% of the observed nucleons in cosmic rays come from such sources 
[1,2] . The remaining cosmic raynucleons come from SN exploding in ordi- 
nary clouds with n = 10 atom. cm" J in the Galaxy. If the rate of SN 
explosion in the clouds is about once in 30 years in the Galaxy, the 
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energy release the form of cosmic rays soon after acceleration, about 
200 yrs, is ~10 eV [4] ; it is assumed that adiabatic cooling takes 
place only upto the end of the adiabatic phase when remnant fragements. 

We consider that the total energy release in the form of cosmic rays is 
the same for all sources. With this information, the brightness evolu- 
tion of SN with time is calculated. Observations show that cloudlets have 
H 2 densities varying from about a few times 10 3 molecules/cm 3 to about 
105/cm 3 [6]. In Fig. 1, we have shown the brightness above 100 MeV as a 
function of time for SN exploding in cloudlets for different n values. 

The adiabatic loss is higher for SN exploding in rarer medium, ^and it is 
seen that the brightness decreases rapidly with time for sources in rarer 
medium. 

3. Luminosity Distribution of y-ray Sources. We consider in this analy- 
sis that cosmic rays are accelerated in dense source by the beginning of 
the adiabatic phase; th^ remnant leaves the cloudlet when cosmic rays 
traverse about 50 g.cm of matter. One can estimate from the observed 
p the relative number of SN, which explodes in dense clouds to that in 
ordinary clouds. Our calculation show that the ratio is 1.34:1.0, 
0.82:1.0, 0. 6:1.0 and 0.44:1.0 respectively for n = 10^, 4x10^, 10 3 and 
2.5x10^ atom.cm“3. we make use of this to calculate SN rate in the 
Galaxy. The flux distribution is evaluated by the integral 

N (> L) =./// N (R,n ) R dR. df> . fe(n,t)/47Td 2 } dt ... (1) 

2 H 2 2 2 

In this equation L = B/4M , where d =R +R-2RR Cos$ ; here 
R q = 10 kpc the abundance of galactic cen?re and, R°the radius and $ the 
azimuthal angle between radius R and the Sun-Centre line. The restri- 
ction in this integral is that the integrant becomes zero when 
fe(n H ,t) /4ird 2 }< L. In this equation N(R,n H ) is the number of SN per unit 
area, weighted according to the molecular hydrogen density [7] and is 
normalized to the number of SN produced per unit time in the entire ga- 
laxy for a given cloud of density n . 

H 


Fig. 1 Brightness of y-ray 
sources> 100 MeV is 
shown as a function 
of time for different 
n„ values 

ri 


I0 1 I0 2 10 3 I0 4 

TIME IN YEARS 
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Integral source distribu- 
tion is plotted as a 
function of observable 
flux/ for comparison 
Cos-B data is shown . 


We have plotted in Fig. 2, the number of expected Y-ray sources in 
the Galaxy with flux>L as a function of L. We have considered a range 
of L values from 10 -7 to 10 -4 photon/(cm 2 .s) . Curves B, C and D corres- 
pond to n H values 4xl0 4 , 10 ^ and 2.5xl0 5 atom, cm -3 respectively. The 
Observed Cos-B source distribution is shown by the step function. It is 
clear from this figure that anti-protons are produced in dense cloudlets 
do not contradict the r-ray observations. The good agreement Curve A has, 
with the observed data, suggests that indeed Cos-B sources could have this 
origin . 


The observation of dense cloudlets show that the density peaks 
around n H = 10 5 atom cm - 3 . We have evaluated N(n H ,R) distribution using 
the available information on the density distribution of clouds [6] . 
Making use of the weighted distribution of N(n H ,R) we have integrated 
Eqn . 1 over n H and the result is shown as dashed curve in Fig . 2 . The 
agreement with data is not as good as that for n H = 10 4 atom cm - ^ . 

4. Discussion. We have shown that if antiprotons are produced in enve- 
lopes of SN, which explodes in dense cloudlets in the Galaxy, the Y-ray 
produced in these sources do not contradict the observed Cos-B data . 


It is also seen from Fig. 2 that the source distribution calculated 
for nji « 10 4 atom. cm -3 is in good agreement with the observed data. How- 
ever, the calculated distribution after folding the distribution of 
observed mean densities in cloudlets predicts too small a number of y-ray 
sources at low flux values. This may perhaps be due to the following 
reason. We have assumed a uniform density of matter in the cloud during 
the entire evolution of SN. Observations show [8] that the radial gra- 
diant in density varies between r“l* 5 and r“ 2 , with densities <10 4 atom. 
cm _ 3 beyond Q.l pc. Therefore, when SN explodes in these clouds, the 
remnant would spend most of its time in regions of low densities < 10 4 
atom. cm -3 . 
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On the basis of Curve A in Fig. 2, one expects about 100 y-ray 
sources in the Galaxy with flux densities > 10 "^photon/ (cm^.s) at ener- 
gies >100 Mey. This can be checked by GRO. We can predict the hardness 
of spectrum in such sources, which can also be measured accurately * by 
GRO. Our calculations show that the variation of Ff>300 MeV)/F(>100) is 
from 0.26 to 0.34 over the life of SN and this is consistent with the 
observations [5] . The high energy y-ray spectrum is dominated by tt°— 
decay and the spectral shape will be indicative of the accelerated spec- 
trum of nucleons in these sources. 

We have shown elsewhere [9] that the observed positron data can be 
well explained by secondary production of e+ in these sources. It is 
important at this stage to calculate the radio spectrum emitted by elec- 
trons in these sources. 
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Centre d f Etudes Nucleaires de Saclay, 
91191 Gif-sur-Yvette Cedex, France 


I, INTRODUCTION 

A significant progress towards understanding the nature of the 
COS-B galactic y -ray sources is allowed by two recent developments: 

a) The existence of extensive wide-latitude CO surveys, from the 
Northern hemisphere, as well as from the Southern hemisphere (Dame and 
Thaddeus 1985, Cohen et al. 1985), allowing to know more precisely the 
molecular cloud population of the Perseus, Sagittarius, and Carina 
spiral arms; 

b) The study, of the time variability of Y -ra y sources by the 
Caravane Collaboration, in y-rays but also at other wavelengths, leading 
to the recognition of 4 new variable sources ("Geminga" , and 3 other 
sources displaying long-term variations) in addition to the already known 
Crab and Vela pulsars (Bignami and Hermsen 1983; Bignami, Caraveo, and 
Paul 1984, Vigroux et al, 1985; Pollock et al. 1985). 

As a result, three classes of 'jf-ray sources emerge to date: 
variable sources, "active" sources (variable or not), and "passive" 
sources (Pollock et al 1985; see also Montmerle 1979a), 

II, VARIABLE SOURCES 

It has been argued (Bignami, Caraveo, and Paul 1984) that "Geminga" 
(= 2CG195+04) is probably a binary system, consisting of a G subdwarf 
primary and a neutron star secondary, at less than 100 pc from the Sun. 
Including the two pulsars alredy mentioned, we have therefore 3 'g-ray 
sources identified with compact objects. 

In addition, 3 sources (2CG054+01 and the newly found 083+03, 
Pollock et al. 1985; 2CG356+00, Bignami and Hermsen 1983) have displayed 
significant flux variations between separate COS-B observations. The 
timescale for the observed variations (years, typically) limits the 
source size to a fraction of a pc. No identification has been proposed 
so far for these three sources; they are likely to be compact objects 
as well. 

III, NON- VARIABLE SOURCES 

In the first galactic quadrant, in which matched CO and y-ray 
data have been compared (Lebrun et al. 1983; see also Arnaud et al, 1982), 
it is possible to compare, point by point, the y-ray flux at Earth I 
expected on the basis of a "normal" C0 /Ha ratio (or, more precisely, 0 a 
"normal" N ( H 2^ W C0 ratio » see Lebrun et al, 1983) and a "normal" 
cosmic-ray density, with the Y“" ra y flux actually observed, Iy . 

Writing I y = fyl 0 » 0ne finds ^ sources for which fy = 1, i.e., 
"passive" sources. These y-ray sources appear as such only because of a 
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particular matter enhancement along the line of sight (Pollock et al. 

1985) . 

On the other hand, 5 other sources in the same region are seen 
to imply an extra tf-ray flux: they are "active" sources (Pollock et al. 
1985), two of them being variable (see preceding §). All these sources 
have f^ >> 1 . 

The tf-ray excess seen along the line of sight towards non-variable 
sources may be either a coincidence, for instance a compact object on 
the same line of sight (as ijs the case for variable sources), or be really 
linked physically with the gas -hence presumably non-compact-, and ex- 
tended if not too far away. 

IV. NON-COMPACT ACTIVE SOURCES 

The most straightforward link between the gas and ray sources 
in the second and third galactic quadrants, where H~ is the main compo- 
nent of the gas, is via molecular clouds. An additionnal ingredient is 
however required: a supernova shock (e.g., Montmerle 1979b, Morfill and 
Tenorio-Tagle 1983), a stellar wind shock (e.g., Casse and Paul 1980) 
etc. (For reviews, see Morfill, Forman, and Bignami 1984, Cesarsky and 
Montmerle 1983.) On this basis, specific identifications have been pro- 
posed, and a few studied in detail: 2CG078+01 and 2CG006-00 with the 
SNRs G78. 2+2.1 (= DR3+DR4) and W28, respectively, see Pollock 1985; 
2CG288-00 with the Carina Nebula, Montmerle and Cesarsky 0.981) . (We 
note that none of the good "SNOB" candidates in the list of Montmerle 
1979b has turned out so far to correspond to a variable 'jj'-ray source.) 

Along these lines, a systematic search has been undertaken to 
look for spatial coincidences with either "supergiant" HII regions, or 
giant HII region complexes, or "subgiant" HII regions in which some active 
agent could be found: SNRs, or stars with strong stellar winds, for 
reasons discussed below. For the sake of homogeneity in the sample, we 
have used the Georgelin and Georgelin (1976) catalogue of giant HII re- 
gions. Supergiant HII regions correspond to their "b" regions, giant and 
subgiant HII regions to their "m" and "f" regions, respectively. 

The Table summarizes the results: out of 14 y~ray sources known 
as non-variable, non-passive, and having a low galactic latitude, 10 
may be associated, on a one-to-one basis, with the HII regions defined 
above; up to 4 contain SNRs. 

V. DISCUSSION 

A giant HII region is ionized by early 0 stars. In turn, these 
stars -and in particular thejir Wolf-Rayet descendants- suffer a very 
intense mass^Joss (up to 10 Mq yr , with a terminal velocity of order 
2-3 000 km s ), creating as a result a hole in the ionized gas. HII 
regions around 0B associations are therefore always hollow and thick 
(a few pc; at least in their early stages of evolution, see Dorland, 
Montmerle, and Doom 1985), with nebulae as the Rosette or Carina as pro- 
totypes. Under these conditions, it has been shown that, provided par- 
ticle acceleration by stellar winds takes place, wave scattering in the 

thick ionized shell leads to an enhanced cosmic— ray density (up to 100 
times the value in the vicinity of the Sun) and, if enough mass is pre- 
sent, to a y-ray source (Montmerle and Cesarsky 1981, Cesarsky and Mont- 
merle 1983), after traversal of -v 10 g.cm 3 . 



TABLE. Noil-variable, active Y~ ra v sources in the galactic plane 


(*) 


name 

(2CG) 

proposed 
id . 

ref. 

d 

(kpc) 

HII region 

opt. 

diam. 

exc. 

class 

most 

active star SNR 

006-00 

M8 

(1,2) 

1.5 

G6.0-1.2 

90’ 

f 

WR 

W28 

013+00 

W33 

(*) j 

[ 4.2 

G12.8-0.2 


m 

n.a. 

- 


complex 


5.8 

G13. 2+0.0 


f 

n.a. 

— 



l 4.0 

G14. 6+0.1 


f 

n.a. 


075+00 

- 

(*) 

5.7 

G75.8+0.4 

G78.5+2.1 (+) 


f 

n.a. 


078+01 

DR3+DR4 

(1,2) 

5.0 


f 

n.a. 

DR3+DR4 

121+04 

- 


- 

“ 


- 

- 

_ 

135+01 

IC1805 

(1,3) 

2.3 

G134. 8+1.0 

150’ 

m 

04If 

- 

218-00 

- 

- 

- 

- 


— 

~ 


235-01 


- 

- 

- 


- 

“ 

— 

284-00 

RCW49 

(*) 

4.7 

G284.3-0.3 

90' 

b 

n.a. 


288-00 

Carina 

complex 

(4) 

2.6 

G287.9-0.8 

180' 

b 

WR 

- 

311-01 

SGMC ++ (*) 

15.5 

? 


? 

? G311.5-0.3 

333+01 

RCW106 

complex 

0) 

4.2 

G333. 6-0.1 

35' 

b 

WR 

MSH16-5! 

342-02 

- 


- 

- 


— 

~ 


359-00 

W24?^ 

(*) 

10.0 

GO. 5-0.0 


m 

n.a. 



NOTES. (*) Not including already known identifications : 2CG363-02 = Vela^ 

2CG 184-05 = Crab, 2CG353+16 =f> Oph (see Montmerle 1985), 2CG195 
+04 = Geminga. Restricted to |bl< 5°. 

(+) Smith et al. (1978) 

(++) "Supergiant" molecular cloud (Cohen et al. 1985). This cloud is 
by far the most massive cloud in the Carina arm (M = 7.8 x 10° Mq). 
Position of SNR G311.5-0.3 highly uncetain (see Clark and Caswell 
1976). Size of cloud «1 sq. deg. 

(§) Identification doubtful. From Smith et al.(1978), Astr.Ap. 66, 65 

REFERENCES. (*) This work. (1) Montmerle 1979b. (2) Pollocket al. 1985. 

(3) Strong 1977. (4) Montmerle 1981, Montmerle and Cesarsky 1981. 
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The considerations of the preceding sections seem to encourage such 
an approach; furthermore, particle acceleration by stellar winds, a 
subject of controversy (see Volk and Forman 1981) appears now to be 
better established (White 1985). On the other hand, the concept of 
"thick cosmic-ray sources" associated with Carina-like HII regions 
is helpful to solve the excess antiproton problem in galactic cosmic 
rays (see Lagage and Cesar sky 1985) . 

And more quantitative approach is therefore warranted (Mont- 
merle, in preparation), but cannot be complete at the present time: 
the exciting stars of only 30% of the giant HII regions are known; 
masses of these HII regions are often unreliable or unknown (if 
deduced from H109ot surveys for instance, sensitive only to "hot 
spots" of emission, underestimates by factors up to 10 are not im- 
possible). 

On the other hand, no giant HII region is needed when a SNR 
is present, since the sole compression of the molecular cloud may 
lead to a y-ray source (Blandford and Cowie 1982); here, the HII 
region may act only as a tracer of a massive molecular cloud. 

As a final remark, we note that all the HII regions proposed 
as counterparts of y~ray sources belong to spiral arms ; this is 
consistent with the conclusions of works such as Godfrey (1983), or 
Lebrun et al.(1983) that, given the structure of the galactic diffuse 
X -ray emission, the source distribution must be predominantly linked 
with the spiral structure. 

By contrast, most of the SNOB candidates of Montmerle (1979b) 
belong to interarm regions. The fact the most of them turn out not to 
be seen as 'f- ray sources by COS-B may mean that the mass of the asso- 
ciated molecular clouds is in general too small. Indeed, CO data 
show that no giant molecular clouds are present between the arms, even 
if a disk population of molecular clouds exists (Solomon , Sanders, and 
Rivolo 1985). From this point of view, the links between j(-ray sources 
and giant HII regions, if confirmed, may shed some light on the res- 
pective distribution of H 2 inside, and between, spiral arms. 
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SEARCH FOR POSITRON ANNIHILATION LINE AND CONTINUUM 
RADIATION FROM THE GALACTIC CENTER 


C. J. MacCallum 

Sandia Laboratories, Albuquerque, NM 87185 


M. Leventhal 

AT&T Bell Laboratories, Murray Hill, NJ 07974 


ABSTRACT 

Our balloon-borne germanium Y-ray telescope was flown over 
Alice Springs, Australia, on 1984 November 20 to search for 
the 511 keV positron annihilation line from the Galactic 
Center. The measured line flux at Earth was (0.6 ± 4.4) 

x10 -1 * ph cm" 2 s 1 indicating that the source was still in a 
"low" or "off" state. 


1. Introduction. A series of 12 balloon and satellite experiments 
dating back to 1970 and involving six different scientific groups has 
established the existence of a powerful, compact, and variable source of 
511 keV positron annihilation line radiation within a few degrees of the 
Galactic Center (GC). Surprisingly, the source was observed to "turn 
off" rather abruptly at the beginning of this decade (see reference 1 
for a review of the observations). Three previous balloon flights of 
the joint Bell/Sandia gamma-ray astronomy group’s high resolution Ge 
telescope have played an important role in discovering the source and 
confirming its variability (2,3,4). We report here the results of our 
fourth flight which indicate that the' source was still in an "off" or 
"low" state in late 1984. 

2. Experiment. The instrument was essentially the same as that described 
originally by Leventhal, MacCallum, and Watts (5). It is built around a 
single large ("200 cc) , high-purity Ge detector operated at cryogenic 
temperature and surrounded by ~200kg of Nal in active anticoincidence. 
The entrance aperture in the Nal shield defines the field of view, ~15° 
FWHM at 511 keV. The energy resolution of the system in the laboratory 
has been improved to 2.1 keV FWHM at 511 keV by changes in electronics. 

The flight took place over Alice Springs, Australia on 1984 November 
20. Observations of the GC direction (RA - 265.6°, decl - -29.0°) were 
made at a mean atmospheric depth of 3.3 g/cmsq. Data were accumulated in 
alternate ~15 minute target-background pair segments with the telescope 
maintained at the same zenith angle but rotated 180° in azimuth for the 
background measurements. Consequently, the background observations swept 
over the celestial sphere, paying no special attention to any particular 
point. A total of 7.5 hours of useful GC data and background data were 
accumulated in this fashion. For each segment, data were accumulated 
into 8192 energy channels each of width 0.798 keV. There was a gain 
drift totalling about two channels at 511 keV during the course of the 
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flight, which was monitored by means of three calibration lines from a 
207 

weak onboard Bi source that were visible in every segment spectrum. 

3. Results. The data were searched for a possible astronomical line 
superimposed on the instrumental line at 511 keV, using the maximum 
likelihood method advocated by Cash (6) applied to Poisson-distributed 
variables. With only ~5 counts/channel/ segment, Poisson statistics 
seemed likely to be more reliable than Gaussian statistics. Further- 
more, the determination of parameter error bounds stands on firmer 
theoretical footing in the Cash method, which is no more difficult to 
implement than the more familiar "minimum chi-square" methods. (Never- 
theless, in this case, we found a least-squares weighted estimate based 
on Gaussian statistics gave much the same answer.) For each of 26 
segments, a set of 30 channels centered on 511 keV were analyzed under 
the assumption that a uniform instrumental continuum background plus an 
instrumental line at 511 keV were present, at the same strengths in both 
segments of a target-background pair. In addition, an astronomical line 
was assumed to be present in each target segment, at a constant strength 
(modified appropriately for atmospheric attenuation). All lines were 
assumed to have the same width and to be centered on 51 1 keV. The 
various parameters were then determined by the maximum likelihood 
method, and "one-sigma" error bounds were determined for the astro- 
nomical line strength by finding that value for it that increased the 
Cash statistic C ( C = -2 JLnP , P = maximum likelihood probability 
maximized wrt all other parameters ) by unity. The result for the 511 

-4 -2-1 

line flux was (0.6 + 4.4)x10 ph cm s . The error bound is slightly 
worse than our 1981 result, largely due to a small decrease in the 
effective area of our detector (now = 10.3 cmsq at 511 keV). 

Figure 1 shows two spectra in the neighborhood of 511 keV. One is 
the sum of all target segments, divided by total live time; the other is 
the same for background segments. A rough energy calibration has been 
performed simply by centering on the peak channel of each segment. The 
comparison is illustrative only, in that no consideration is given to 
variations in atmospheric attenuation or background rates, but the 
comparison clearly illustrates the lack of a visible astronomical 
signal. 

Continuum radiation from the Galactic Center direction was clearly 
detected below ~250 keV. This can be seen in Fig. 2, which is the same 
as Fig. 1 but centered at a lower energy, ~110keV. First indications 
are that the continuum spectrum is softer than when measured in 1977-81, 
but the detailed analysis is still in progress. 

4. Discussion. When fully on the GC positron source was truly a 

43 

remarkable object, calling for ~10 annihilations/sec (corresponding to 

oQ 

~1Cr ergs/sec) if isotropic and located at the GC distance of ~10 Kpc. 
Nothing like this has been seen anywhere else in the sky. It was easily 
the brightest gamma-ray object in the Milky Way in annihilation 
radiation alone. Because of its unique natuPe it is tempting to locate 
it within the central parsec of the Galaxy. If so, it would amount to 
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about 0.1$ of the total bolometric luminosity of the nuclear region and 
would obviously be an important clue to the nature of this source (7). 
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Fig. 1 Channel 
spectra around 511 
keV for sum of tgt 
segments and for 
sum of bkg segments. 
No astronomical 
signal is apparent. 


iao- 


ioo H 


•o 


•0 


40 


>0 


0 J— 


m\q\ 
^ bkg 


Fig, 2 Channel 
spectra around 110 
keV for sum of tgt 
segments and for 
sum of bkg segments. 
The Galactic Center 
continuum is evident. 
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Considerable theoretical effort has gone into modeling the source 
of positron annihilation radiation. Various black hole models are 
favored (8,9,10), although supernova (11) and pulsar (12,13) models have 
also been considered. It would appear that only the black hole models 
can easily and naturally account for the large flux, rapid variability, 
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and the absence of other nuclear gamma-ray lines. In these models the 
variability arises from changes in either the rate of accretion or the 
dynamics of the interaction between an emitted positron beam and a 
stopping cloud. In recent years considerable support for the presence 
of such an object at the GC has come from the more conventional branches 
of astronomy (14,15,16,17,18). However this is sure to remain a contro- 
versial issue for years to come. 

It does not seem possible to predict with any certainty when the 
positron annihilation radiation might reappear. We intend to monitor 
the Galactic Center periodically in the future with a more sensitive 
gamma-ray telescope in the hope of once again detecting this source. 

5, Acknowledgements. We wish to thank A. Huters, P. Stang, N. Corlis, 

L. Gillette and D. Sayers for their outstanding technical support, and 
the men of the NSBF balloon launching team led by R. Kubara for a 
good flight. 
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ABSTRACT 

The UCSD/MIT Hard X-Ray and Low Energy Gamma-Ray 
Experiment aboard HEAO-1 scanned the galactic center 
region during three epochs in 1977 and 1978 from 13- 
180 keV. We present the results from the scanning 
epoch of 1978 September. Twenty-two known 2-10 keV 
source positions were necessary for an acceptable fit 
to the data. The spectra of the 16 strongest, least 
confused sources are all consistent with power laws 
with photon spectral indices ranging from 2.1 to 7.2. 
Acceptable fits to thermal bremsstrahlung models are 
also possible for most sources. No one source in this 
survey can be extrapolated to higher energy to match 
the intensity of the gamma-ray continuum as measured 
by HEAO-1 large field of view detectors, which implies 
that the continuum is a composite of contributions 
from a number of sources. 

INTRODUCTION 

The galactic center region (i.e. within about 20° of the 
galactic center) contains more than 30 2-10 keV x-ray sources 
brighter than about 10 UFU*. Observations of this region between 
10 and 200 keV are hampered by coarse angular resolution and its 
attendent problems of source confusion. Previous observations 
did, however, continually find bright source (s) near the 
galactic centers 3. The HEAO-1 UCSD/MIT Sky Map* provided a 
sensitive survey of this region in four broad energy bands 
covering 13-180 keV. This Sky Map obtained close to 30 sources 
within 20° of the galactic center at a typical sensitivity of 20 
UFU. 


Wide field of view (^10° FWHM) observations extending to 1 
MeV and above have detected variable continuum emission from a 
region centered on the galactic center, as well as variable 511 
keV emission 5 6 . Between the Fall of 1979 and the spring of 1980 
both components varied by a factor of two or more? as seen by 
HEAO-3 . This variability implies that the dominant source (s) 
must be *3" in extent at a distance of 10 kpc. The source(s) , 
however, of this emission have yet to be localized above 200 keV, 
and it is unclear which, if any, of the 1 keV EINSTEIN sources* 
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are associated with the gamma-ray emission. 

We present here further analysis of the HEAO-1 UCSD/MIT 
data base using a finer binning structure retaining full 
spectral resolution. By applying this analysis to the region 
within 40° of the galactic center only, we can achieve slightly 
better sensitivity than the HEAO-1 Sky Map and can measure the 
detailed spectrum of each source along with its six-month 
variability. We compare each spectra, or group of spectra, to 
that measured at the same time by the higher energy HEAO-1 
instruments, with the goal of associating the flux from 
individual sources with the variable gamma-ray flux. 

INSTRUMENT AND OBSERVATIONS 

The detectors used in this analysis are the 13-180 keV Low 
Energy Detectors (LEDs) of the Hard X-Ray and Low Energy Gamma- 
Ray Experiment aboard HEAO-l* . They were 100 cm2 Nal/Csl 
phoswich scintillation detectors, oriented perpendicular to the 
spin axis, which pointed within 0.5° of the Earth-Sun line. Their 
fields of view were defined by passive and active shielding to be 
1.6°x20° FWHM with the planes of the slat collimators inclined at 
+S0° (LED 1) and -60° (LED 2) to the scan plane. During the 16 
month lifetime of HEAO-1, the galactic center was within the r.Kn 
fields of view for three, 30 day epochs in the Fall of 1977, 
Spring of 1978, and again in the Fall of 1978. 

ANALYSIS 

The scanning data were accumulated into 1-day sums for each 
LED binned along the scan plane of the satellite. The bins were 
0.4° wide spanning ±40° from the galactic center. The photons in 
any one bin, thus, came from a region on the sky with the width of 
the bin and ±20° along the detector's instantaneous slat 
direction. In order to maximize sensitivity, many of these 1-day 
accumulations were summed to produce a time-averaged counting 
rate versus scan angle for each epoch for each LED . 

In order to determine which sources were contributing a 
significant amount to the data, the data were summed from 13-80 
keV in each bin. Using the known positions of each source and the 
aperture response, the source intensities and overall 
background rates were fit to both detector data sets 
simultaneously. 

In order to extract spectra of these sources, the results of 
the fitting were used to determine those angle bins that contain 
events from a single source, and less than 20% contamination from 
other sources on the list. Similarly, regions devoid of response 
to any source on the list were selected for background 
determination. The full 64 channel spectra of scarce and 
background regions were used with standard spectral 
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deconvolution programs to determine various spectral 
parameters. If spectra from both detectors were available, a 
simultaneous fitting of both spectra took place; otherwise, a 
single detector spectrum was fit. The results presented in Table 
1 assume a power law model only. 

RESULTS AND DISCUSSION 

Twenty-two, known, 2-10 keV source positions were 
necessary to fit the LED data, and are listed in Table 1. This 
list of source positions used to fit the present data agrees with 
the HEAO-1 Sky Map list with a few exceptions. The present list 
contains the SAS-3 and Cos-B source 1715-321, the Ariel-5 source 

^Z 12 ll 37, and the HEA0_1 A -1 source 1815-121, which are not in 
the Sky Map. On the other hand, all Sky Map sources not in the 
present list were either highly confused or not signif icant* . 

#4 . tj The spectral indices shown in Table 1 are the result of 
fitting individual sources to a power law model. All fits were 
acceptable, except for GX 17+2 and GX 9+9, and most sources could 
also be fit acceptably by a thermal bremsstrahlung model. 

No one source in this survey is intense enough to equal the 
gamma-ray flux from this region, which was also measured by the 
HEAO-1 Medium Energy Detectors® in the Fall of 1978. The 
galactic center" source, 1742-294, is brightest at 100 keV, but 
is at least a factor of three below the 100 keV gamma-ray flux. 

Extrapolating the 13-165 keV fit to 1742-294 to higher 
energies reveals that its power law index must decrease to less 
than -3 above *250 keV in order not to exceed observations (see 
F gure 1) . This may indicate that a high temperature thermal 
^e! or a Compton iz at ion model would be more appropriate for 
~ 29 ?' we 8um the spectra of the three brightest sources 

* within 5° of the galactic center (1742-294, GX 1+4, and GX 5-1), 
as shown in Figure 1, nearly all of the gamma-ray flux above 100 
keV can be accounted for. This may not apply at other times, 
however, when the gamma-ray flux was brighter and 1742-294 was 

* weaker at 100 keV® . 
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Table 1. 

Galactic 

Center Source List 

•puree Name 


Spectral Index 

1642-455 

GX 

340+0 

4 - 99±1.31 

1657-415 

38s 

pier 

2 . 70+0 .25 

1*58-298 



3.61+0.39 

1700-377 



2.77+0.18 

1702-363 

GX 

349+2 

3.76+0.27 

1702-437 



— 

1705-250 

Nova Oph 

— 

1712-337 



3.20+0.83 

1715-321 



3.46+0.39 

1728-169 

GX 

9+9 

3.67+0.25 

1728-247 

GX 

1+4 

2.30+0.07 

1735-444 




1742-294 

GCX 

2.12+0.04 

1743-322 



— 

1744-265 

GX 

3+1 

— 

1758-250 

GX 

5-1 

3.91+0.13 

1758-205 

GX 

9+1 

4.94+0.24 

1811-171 

GX 

13 + 1 

7.19+1.73 

1813-140 

GX 

17+2 

4.16+0.11 

1820-303 

NGC 6624 

3.66+0.19 

1815-121 



4.61+1.05 

1822-371 



— 


Figure Is Galactic Center Spectra 
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1 . Introduction 

The information on COS-B >100 MeV gamma-ray sources is 
contained in the second catalogue (Swanenburg et al. 1981) 
and its first amendment (Pollock et al.1985, and this 
conference), based now on the totality of the COS-B data base 
(Mayer-Hasselwander et al.1985 , and this conference). 

As is well known, association of the gamma-ray sources with 
celestial objects is, in general, difficult on a pure 

positional basis, while correlated time variability could 
obviously provide such proof. This technique can be employed 
on regions of the gamma-ray sky containing interesting 
objects of known variability at some wavelength, even in the 
absence of a recognized gamma-ray excess ,with the aim to 
extract a weak but predictable signal from the surrounding 
noise. 

Such an idea was used for the unsuccessful search for gamma- 
ray emission from radio pulsars in the SAS-2 and COS-B 
databases (see Thompson et al.1983 and Buccheri et al. 1983 ). 

Here it will be applied on a longer variability time scale, 
generally of the order of days : this is technically easier 
than the case of the rapid, sub-second pulsar search, but 
requires a more detailed treatement of the background. 

It should be borne in mind that the ^158,000 celestial 
photons (>100 MeV) collected by the COS-B mission in the 6 
1/2 years of operation come with an average frequency of 
5-6/hour. For a given direction in the galactic plane, in 
general only few hundreds photons (sometime less) are 
collected within the area covered by the instrument's point 
spread function for each > 1 month-long observation. Most 
galactic regions have been observed repeatedly during the 
mission, at typically yearly intervals, thus allowing the 
analysis of several months of data in each case. 

The celestial objects considered here have been chosen 
because they are either located in regions of enhanced gamma- 
ray emission (LSI 61.303, Cyg X3, Cir XI), or have been 
reported as UHE gamma-ray sources (Vela XI, Cyg X3 ; Her XI 
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and LMC X4 were unaccessible throughout the COS-B mission). 
All have some time variability law which was exploited here. 

For the case of Cyg X3 only the long term (i.e. days to 
months) time profile was considered, the 4.8 hour periodicity 
search being the subject of separate work( Hermsen et al., 
this conference) 

2. The Method 

Photons coming from the sky regions centered on the various 
celestial objects considered were selected with energies > 100 
MeV and with arrival directions within an energy-dependent 
area (see Buccheri et al., 1983), of radius ^6 deg. at 100 
MeV. 

In order to construct a time profile of such photons , their 
arrival times were grouped in bins of dimensions defined by 
the available photons number and by the value of the period 
searched for. The binning process corrects for the 
experiment dead time, arising from various causes throughtout 
the mission. 

To assess the significance of any apparent count variation 
in the "source" profiles, a comparison with the background 
data has been performed. This was done by constructing a 
profile for all the counts within the observing period , minus 
the "source" photons, thus obtaining a measurement of the 
variations of the total background. In most cases this was 
seen to vary, sometimes significantly, responding possibly 
both to external causes ( cosmic ray variations) or to 
internal ones (e.g. spark chamber gas flushing). The 
background count profile was then normalized to the source 
counts, and used as a reference distribution in performing a 
X test of the source profile, to search for possible true 
time variability. 

In order to obtain the evaluation of the method's 
sensitivity, simulations were performed by adding photons in 
given "source" profile bin(s) until a deviation judged 
significant by the statistical test was reached. The amount 
of flux thus introduced represents the minimum detectable 
flux variation for a given source and background conditions. 
However, the assumption on the duty cycle of the hypothetical 
gamma-ray emission is of critical importance: clearly a 

narrow pulse would render the detection much easier than the 
case were the same number of photons is spread over a large 
fraction of the phase. 

Moreover, owing to fluctuations of source and background, the 
simulation results depend on the particular bin(s) where the 
increase is put. This aspect is taken into account by 
cycling the bin number(s). A simple example is given below. 

3 . Results 

The data base used was the final COS-B Data Base, and Table 
1 gives the relevant parameters for all the source 
directions investigated, including the results of the 
test. _ Fig. 1 a, b and c illustrate the case of LSI 6 1 .303 ,a 
periodic radio and optical star, and also an X-ray source, 
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spatially compatible with 2CG 135+01. 

The variability laws investigated have been observed at 
either radio, optical or X-ray wavelengths, and the search 
was triggered by the assumption that it was reasonable to 
expect them also in gamma-rays. 

None of the objects listed 
in Table 1 can be identified 
as a gamma ray source on the 
basis of temporal variation. 

The evaluation of the 
method's sensitivity through 
simulations could in 
principle lead to upper 
limits to the gamma ray flux 
which should be lower than 
those obtainable from the 
pure spatial analysis. 
However, the variable 
background conditions and 
the unknown duty cycles 
prevent the setting of firm 
upper limits. Taking Fig. la 
as an example, increasing 
the count rate in only one 
bin (10% duty cycle) one has 
to add a count rate of 20 to 
obtain at least one x 2> 3 , 
and over 40 to have x 2> 3 
for every possible position 
of the increased bin. The 
situation is considerably 
worse for a 20 % duty cycle, 
where the corresponding 
increase in count rate goes 
to 28 and 50 respectively. 
Of course , this does not 
take into account any 
prediction based on the 
radio phase nor a 
recurrence of the same "duty 
cycle" over several periods. 

However, it is apparent 
that very big source 
variations (of over a factor 
of two, at least) are 
required to be detectable by 
C0S-B. 


fig. 1 C0S-B count rates (>100 MeV) for the observation periods including 
the variable radio/X-ray star LSI 61.303. "Source" counts (full line) are 
seen to follow closely the background distribution (broken line). 

Abscissa in fraction of the orbital period. 

GF indicates a gas flushing of the spark chamber. 
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TABLE 

1 





SOURCE PARAMETERS COS 
Name £/ 

l°,b° 

Distance 

Period 

!-B OBSERVATION PARAMETERS 
Pointing Direction Offset 
1° b° 0 

"source 

photons 

" bkg 
photons 

n k , 

bin 

V 2 

Red. X 

LSI+61 ?303 

11 

125.8 

1.1 

10 

206 

1954 

11 

0.56 

135.67,1.08 

28 

140.9 

0.1 

5.3 

311 

2180 

15 

1.17 

2.5 kpc 

57 

130.0 

2,4 

5.8 

203 

1380 

16 

0.79 

26.496+0.008 day 









CIR XI (*) 

7 

321.5 

0.3 

0 

683 

3333 

29 

1.04 

322.18,0.037 

33 

310.2 

0.4 

10 

255 

2621 

36 

1.05 

8-10 kpc 

61 

330.5 

0.3 

10 

136 

968 

44 

1.20 

M 6 . 6 day 









VELA XI ( 6 ) 

3 

262.7 

3,5 

0.6 

189 

2046 

22 

0.83 

263.06,3.93 

12 

262.5 

3.5 

0.9 

190 

2433 

34 

0.80 

1 . 4 kpc 

45 

263.0 

3.0 

0.1 

203 

1706 

40 

0.99 

8.9643 day 









CYG X3 (*) 

4 

73.9 

0.3 

6 

397 

1794 

25 

0.74 

78.85,0.70 

22 

84.1 

0.5 

4,3 

773 

3163 

36 

2.03 

10 kpc 

36 

84.7 

0.5 

4.9 

529 

2314 

37 

1 .21 

V34 . 1 day (?) 

51 

80.0 

-0.2 

0.9 

454 

1651 

40 

1.77 


55 

71.2 

0.4 

8.6 

120 

488 

17 

1.20 


60 

85.6 

-7.8 

10.3 

324 

1661 

50 

0.65 


63 

80.3 

-1.2 

3.7 

836 

3444 103 

1.10 


(*) Owing to the uncertainty of the reported long term Xr-ray periodicities, 
the time profiles were constructed for bins of one day. 


(<J>) Prior to the analysis of this object the pulsed gamma-ray photons of 
PSR 0833-45 ( ^7° away) were substracted from the data base. 
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RADIO OBSERVATIONS OF FOUR ANTICENTER 2CG y-RAY SOURCES 

M.E. Ozel, R. Schlickeiser , W. Sieber 
Max-Planck-Institut ftir Radioastronomie 
Auf dem Hugel 69, 5300 Bonn 1, FRG 

ABSTRACT 

The 2CG sources 218-00, 135+01, 121+04 and 95+04 have been 
observed at two radio frequencies and the flux values and 
spectra of the radio sources observed within the y-ray 
fields are catalogued down to a sensitivity of ^30mJy at 
XII cm. Possible y-ray counterpart candidate objects are 
briefly discussed. 

1. Introduction. Identification of y-ray sources suffers from the 
angular indeterminacy of their positions (A0 ^ 1°). Our program to help 
their identification aims at the radio mapping of the regions at least at 
2 frequencies, allowing a catalogue of radio sources with spectra and 
fluxes down to 'vSOmJy sensitivity limit at XII cm. Possible scenarios 
in view of the present observations are briefly given at the end. 

2. Observations. Using the 100-m Effelsberg telescope of the MPIfR 
error boxes as given by Swanenburg et al. (1981) are mapped in radio con- 
tinuum at frequencies 1420 MHz (X21 cm), 1720 MHz ( X 1 8 cm), 2700 MHz (XII 
cm) and 4750 MHz (X6 cm). Each y-ray region has been scanned at least at 
two of these frequencies to facilitate spectral information about the 
detected sources. Interesting fields have also been searched for polar- 
ization characteristics. Here, only one map for each source is repro- 
duced with some information about observations. Further details can be 
found in Ozel et al. (1985a, hereafter referred to as Paper I). 

3. Results. The resultant maps for the fields (1 map for each) are 
given as Figures 1, 2, 3 and 4, respectively. Source lists and other 
more detailed information are given in Paper I. Important radio objects 
for each y-ray source field will be discussed below. 

218-00: This field (Fig. 1) contains the extended source 0657-040, which 

is a catalogued HII region (S287 in Sharpless (1959)) and needs to be 
considered further. Scenarios based on the excess activity in star for- 
mation complexes require an enhancement of CR flux by a factor f ^ 10 as 
compared to solar cosmic ray densities. A hidden supernova near or with- 
in the cloud is needed to connect the observed y-ray activity to 0657-040. 

135+01: The major radio object in the field (Fig. 2), W4, covers almost 
the total area. Scenarios similar to 218-00 under more favorable condi- 
tions seem to be at work as suggested by Montmerle (1979) and others. 

The "source" 0024+617 (which is part of the W4 complex) with its 
enormous (^ 50 pc) jet-like protrusion might have important implications 
for the nature of W4 in general. 

<• 

121+04: A previously unknown extended feature has been discovered in 

thisf ield (Fig. 3). Preliminary calculations (polarization, morphology) 
indicate that it probably is a SNR of age ^ 10 5 yrs. The center-filled 
nature suggests a Grab-like pulsar mechanism by a fast compact object, and 
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2 26 



Fig, 1 : 

2CG21 8-00 field at X2 1 
cm. Circle denotes 90% 
COS-B error box. Zero 
level is dashed. Contour 
step size (la) is 19mJy. 
Maxima are enclosed by 
CCW arrows. 0657-040 
lies at upper center. 
(HPBW is 914 x 9! 4, the 
circle at upper-left 
corner. ) 



Fig. 2: 

2CG1 35+01 field at XII 
cm. The first contour 
above zero is at 15 mJy 
(la). Subsequent con- 
tours are at 3a inter- 
vals. HPBW is 4 ! 4 x 4 . f 4 . 
A protrusion starting 
from 0024+617 (lower 
center) towards 6 = 62 ? 1 
is observable. 


Fig. 3: 

2CG121+04 field at XI 8 
cm. The first contour 
above dashed (zero) 
level is at 60 mJy (2a) 
subsequent contours ar< 
separated by la. The 
extended feature 
G120.6+3.2 is approxi- 
mately centered at a = 
0h26m, 5 = 65°40" and 
has a center-filled 
morphology. It is 
tentatively identified 
as a supernova remnant 


Fig* 4: 

2CG095+04 field at X21 
cm. Contours are sepa- 
rated by 24 mJy (2a) . 
HPBW as in Fig. 1. 
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such a search (for P £ 5 ms) has been undertaken as a further work for 
this field (Szel et al., 1985b). 

95+04 : This field (Fig. 4) is full of (extragalactic?) non-thermal radio 

sources. Near to its center lies one of the few flat— spectrum sources, 
2116+541. Cold dark matter in the region is already catalogued as LDN 
1060, 1062, 1072 by Lynds (1962). Diffuse mechanisms of enhanced CR- 
matter interactions might be at work in this field. 

4. Conclusion. These new observations give us further information 
about the objects in the 4 y-ray source fields. Tentative scenarios 
noted above are by no way conclusive. Further work is required to under- 
stand the message of radio observations. 
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BALLOON OBSERVATIONS OF HARD X-RAYS FROM SOME 
GALACTIC X-RAY SOURCES 

S. V. Damle*, P. K. Kunte*, S. Naranan*, B. V. Sreekanlan*, 

D. A. Leahy and D. Venkatesan^ 

*The Tata Institute of Fundamental Research 
Bombay, 400005, India 

2 

The University of Calgary 
Calgary, Alberta T2N 1N4 , Canada 

ABSTRACT 

o 

An X-ray telescope consisting of 400 cm phoswich detectors 
(NaI(Tl)/CsI(Na)) was flown from Hyderabad (India) on 18 December 
1984. The field of view was 5° x 5° FWHM* In a 10 hour float at 4 MB 
several galactic X-ray sources were tracked by the telescope using an 
on-board microprocessor. Fluxes and spectra in 18-120 keV X-rays for 
SCO X-l, GX 1+4, GX 5-1, GX 17+2, SCT X-l, CYC X-l and CYG X-3 will be 
presented. 
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FURTHER STUDIES OF X-RAY STRUCTURE OF THE PERSEUS CLUSTER 

M.M. Lau and E.C.M. Young 
Department of Physics 
University of Hong Kong 

ABSTRACT 

The X-ray sources in the Perseus cluster have been 
studied by many authors. In the present study, we 
have examined and summarized available data on the 
spatial and spectral distributions. Based on these 
observations, a consistent model is proposed for the 
production of X-rays and y-rays in the region around 
NGC 1275. It is shown that good agreement with 
observations is obtained by assuming the emission of 
soft X-rays from thermal bremsstrahlung and of hard 
X-rays and y-rays from the inverse Compton process, 

1, Introduction The Perseus cluster has been extensively studied at 
X-ray energies below 400 KeV. It is well-known that NGC1275 is an 
active radio and X-ray source in the Perseus cluster and it contains a 
discrete component and an extended component (1-5) . Recent observations 
also show a y-ray excess at the position of the cluster and this is 
interpreted as emission from NGC1275 (6) . 

The nature of the emission of X-rays and y-rays from the Perseus 
cluster has been an open question. The two models most frequently 
advanced are the inverse Compton scattering of relativistic electrons on 
the 2.7K background in the halo and the synchrotron self-Compton (SSC) 
process in the active nucleus of the Seyfert galaxy NGC1275. In the 
present study we shall examine these models and attempt to give a 
consistent explanation of the radio, through IR, X-ray and y-ray data, 

2. Observations The experimental data of the Perseus cluster are 
shown in Figures 1 and 2, which include spectral bands in the radio, 
infrared, X-ray and y-ray regions. The radio data (3,7,8) from NGC1275 
give the nuclear emission as well as the nonnuclear emission. It is 
found that the radio source in the Perseus is extended. The infrared 
emission region is larger than the milli-aresec VLBI core (9,10). 

The X-ray data are from the 0S0-7 for energies above 7 KeV (11 , 
16) r Uhuru in 2-10 KeV (3) and below 2 KeV (4,12), Copernicus in 0.5-3 KeV 
(5) and in 53-93 KeV (13), the Einstein HRI data in 0.5-3 KeV (14), the 
HEAO-1 above 10 KeV (15) and the CAL in 0.5-1. 5 KeV (2). 

The satellite results show that the X-ray structure of the 
Perseus cluster is centred on NGC1275 and is complex. It consists of a 
core which is associated with NGC1275 and an asymmetric extended region. 
Furthermore the high resolution image with the Einstein Observatory has 
revealed a point source coincident with the optical nucleus of NGC1275 
(14) , in addition to the very extended thermal cluster emission and a 
sharply peaked component at NGC1275 previously known. A structure is 
therefore assumed that the NGC1275 contains, in addition to the milli-arc 
sec VLBI core, a 30" component and a "halo" 7 T -10 f in extent. 
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LOG V (HZ) 


Fig.l The radio 
spectra of 
Perseus 
cluster 


3. Discussion It has been proposed (6,16) that the hard X-ray flux 
o^"l§loates in the active nucleus of the NGC1275 through the various 
synchrotron self-Compton processes. It is shown that if an index of 
0.5. is used for the nonthermal spectrum extended to 10 15 Hz (16,17), 
reasonable agreement is obtained with observations. However, based on 
the data as summarized in Fig.l, the spectral indices are 1.27. 0.40 and 
1.27 in the ranges 10 MHz - 9.5 GHz, 9.5 GHz - 10 4 GHz and 10 l3 - lO 1 ^ Hz 
respectively. We have calculated the X-ray flux from the SSC process 
with., these indices, and the expected flux is found to be between 1 to 2 
order of magnitude below the observed flux. It appears therefore that 
the SSC process alone would be unlikely to account for all the observed 
X-ray flux. 

We now consider a possible explanation for the emission of the 
soft X-rays, hard X-rays and y-rays: the soft X-rays are due to thermal 
bremsstrahlung and the hard X-rays and y-rays due to the inverse Compton 
process. 

Below ^25 KeV the best-fit spectrum was obtained by adjusting 
the spectral parameters to minimize the x 2 (1.3 per degree of freedom) 
with respect to all the satellite data. The best-fit temperature is 
KT = 8.10 ± 0.10 KeV and the spectrum is 

a|= 0.127 E _1 G (E,KT)e" E/KT ph. cm’VW' 1 

with G(E,KT) = 0.90 (E/KT)^ a and a = 0.37(^M.) °- 15 

KT 

The high-energy excess have been fitted by a power law with photon index 
2.23 ± 0.02. For the present purpose, it is sufficient to lump together 
all the nonnuclear emission as a power law with an index of 1.27 from 
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10 - 1415 MHz (8,10,18), A radio index a = 1.27 would give an X-ray index 
of 2.27; this agrees well with the value for our best-fit power law index. 
With these values, the predicted inverse Compton flux for the hard X-rays 

and y-rays is 2 _2 27 -2 27 -2 

= 1.6 x 10 2 B 2,27 E 2,27 ph. - 2 


IC 


cm 


’ 1 KeV " 1 * 


where B is the magnetic field of the radio source in units of 10" 7 
gauss and E 2 Q is the photon energy in units of 20 KeV. The magnetic 
field B is related with the size of the source. If all the hard X-rays 
and y-rays are due to the IC process, a value of B £ 10 -7 gauss in the 
radio source is required. If the "halo"' is assumed to be 7' in extent, 
then B is 'vlO - gauss. The predicted flux is shown in Fig. 2 together 
with the X-ray and y-ray data. 
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Fig. 2 The X-ray 
spectra and y-ray 
data of Perseus 
cluster. The 
dashed line and 
dot -dashed line 
represent the 
best-fit curves. 


4. Conclusion It is shown that with the assumed structure of the 
NGC127S in the Perseus cluster, reasonable agreement with experimental 
data from radio, IR, X-rays to y-rays has been obtained by assuming the 
emission of soft X-rays from thermal bremsstrahlung and hard X-rays and 
Y-rays from the inverse Compton process. 
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ALL SKY NORTHERN HEMISPHERE 10 15 EV GAMMA RAY SURVEY 

R.M. Baltrusaitis, G.L. Cassiday, R. Cooper, J.W. Elbert, 

P.R. Gerhardy, E.C. Loh, Y. Mizumoto, P. Sokol sky, P. Sommers, D. Steck 

and S. Wasserbaech. 

Physics Department, University of Utah, Salt Lake City, UT 84112 USA 

ABSTRACT 

Flux limits in the range 10 _13 -10“ 12 cm“ 2 s _1 have been 
obtained by observing Cerenkov flashes from small air 
showers. During 1983, a 3.5a excess of showers was 
observed during the phase interval 0.2-0. 3 of the 4.8h 
period of Cygnus X-3, but no excess was found in 1984 
observations. 

1. Introduction. A search for high flux PeV y-ray sources has 
been performed using the University of Utah Fly's Eye cosmic ray air 
shower detector. There were 82,898 showers with >20,000 photoelectrons 
in 122 hours of operation during this survey. The data were divided 
into an array of overlapping bins to yield upper limits for the flux 

of PeV y-rays from point sources for all right ascensions and for 
declinations from -10° to 75°. In addition, event rates from the 
direction of Cygnus X-3 have been studied as a function of the phase 
within the 4.8 hour period of that object. The observation of a signal 
from Hercules X-l within this same data set is reported elsewhere 
(Baltrusaitis et al . 1985). Evidence for emission from the Crab is 
given in Boone et al., 1984. 

2. Flux Upper Limits. The 67 mirrors of the Fly's Eye observe 
mutually exclusive sky regions at fixed elevation angles and azimuthal 
directions. The regions have negligible overlap and cover the sky at 
all elevation angles above about 3°. Each mirror focuses onto 12 or 
14 pairs of hexagonal -faced aluminized Winston-type light collectors 
and EMI 9861B PMT's. Each light collector receives light from a 
separate 5.6° diameter sky region. In order to accept ~ 1 PeV Cerenkov 
flashes, a triggering condition was set up which accepted showers in 
which 6 or more PMT's in any mirror fired within 8 ps. This condition 
yielded a trigger rate of about 0.3 s _1 for the entire Fly's Eye 

and reduced accidental triggers to a negligible level. The observed 
Cerenkov flashes nearly always have a very large signal (equivalent 
to ~ 10,000 photoelectrons) in a single PMT, and much lower signals in 
neighboring PMT's. 

For each declination band, the event rate was measured as a 
function of hour angle for each night's data. An expected number of 
showers in a specified target direction was calculated by summing the 
products of (a) the event rate at each hour angle by (b) the time 
interval during which the target region was observed at the particular 
hour angle. A small adjustment was made to take into account the 
variation of detector rate at different time intervals during the 
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night. This adjustment was small, however, since the detector rate 
varied by <2% h" 1 during each night. These expected numbers of 
showers were compared with the observed numbers in order to obtain 
the y-ray intensity upper limits. 

The observations during 1980 were made during 7.9 hours on 9 
December. Other observation periods were 1981 February 1-7 (26.8 hours) 
1983 July 9-13 (25.1 hours), 1984 August 26-29 (20.1 hours), and 1984 
September 25-29 (42.4 hours). The 1980 and 1981 observations covered 
the R.A. intervals from about 1 to 17 hours and the 1983 and 1984 
observations covered the R.A. intervals 16 to 24 and 0 to 7 hours. The 
sky survey for y-ray sources was done in angular bins of declination 
interval 7.2° and in right ascension intervals of 0.48 cos6 hours, 
where 6 is the declination. A grid of overlapping bins with centers 
separated by 3.6° in declination and 0.24 cos 6 hours in right ascen- 
sion was searched for excesses of observed counts above the background 
expectations. Of a total of ~2000 bins, no bins were found with 
excesses corresponding to chance probabilities less than 5 x 10" 5 . 

No evidence of new point sources was found in this survey. 

Figure 1 displays upper limits for steady fluxes of PeV 
y-rays from point sources. The maximum signal to background ratio, 

S/B, was used to find the y-ray flux limit, F, using the relation 
F=IqS/B. I is the primary cosmic ray intensity (Linsley 1983) 
and q is the solid angle of the bins. Both F and I are determined for 
shower energies of E> 1 PeV. The expected and observed numbers of 
events in each bin were used together with a maximum likelihood method 
(Hearn 1969) to obtain the maximum value of the signal to background 
ratio at the 95% confidence level. It can be seen from Figure 1 that 
for most of the bins with declinations between 0° and 72°, the upper 
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Figure 1. Flux upper limits at the 95% confidence level are represented 
fry the following symbols: squares ( F<3xl0 -13 cm'“ 2 s“ i ) , triangles 
(3xl0~ 13 <F<10~ 12 cnr 2 s~ 1 ) , and plus signs (10" 12 <F<3xl0~ 12 cnr 2 s~ 1 ) • 
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limits are less than 10“ 12 cm" 2 s _1 and some are less than 3 
x 10" 13 cm" 2 s -1 . 


3. Cygnus X-3 Observations . The 1983 and 1984 data Include the 
Cygnus x-3 vicinity. An angular bln was used of the same size as 
those In the survey described above, but centered on the Cygnus X-3 
direction. The ephemeris (Van der Klls and Bonnet- Bldaud 1981) of 


(1984 Data ) 



PHASE 


(1983 Data) 



PHASE 



Cygnus X-3 allows the data 
within a region centered on 
Cygnus X-3 to be plotted as 
a function of the phase 
within the 4.8 h period. An 
upper limit of the flux from 
Cygnus X-3 can be obtained 
using the data from 1984, 
only. The phase distribution 
for this data is shown in 
Figure 2a. In the third bln 
(the special significance 
of which Is discussed below) 
there were 24 observed events, 
with 24.3 expected. The flux 
upper limit for phase 0.2-0. 3 
is 2.0 x 10“ 13 cm" 2 s -1 . 

The 1983 data gave 256 
events In the Cygnus X-3 
direction, with 220.5 + 15.8 
expected. In bln 3 of Figure 
2b, 32 events were observed, 
with 16.9 expected. Includ- 
ing the effect of uncertainty 
in the background, this Is a 
3.5 a excess. See Fig. 2c. A 
A Monte Carlo calculation, 
allowing the numbers In the 
background and target regions 
to fluctuate, gave 1.4x10" 3 as 
the probability that this peak 
occurred by chance. Since 
distributions were considered 
separately for the two years’ 
data and the combined data, 
the probability is estimated 
to be 3 times larger or 
4 x 10" 3 . The time averaged 


PHASE 

Figure 2 . Parts a and b show the light curves within the 4.8h Cygnus 
X-3 period for (a) the 1984 data, and (b) the 1983 data. Expected 
background levels are shown by the dashed lines. In part c, the 
statistical significances of deviations are plotted for the 1983 data. 
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flux In 1983 due to the excess in bin 3 was 3.2 ± 1.2 x 10" 13 cm -2 s _1 . 

Lloyd-Evans et al . found a peak in the phase interval 
0.225-0.25. Samorski and Stamm saw an excess in the bin 0.3-0. 4. 

An adjustment of -0.11 in phase is needed to adjust the Samorski and 
Stamm results to the ephermerls used here and by Lloyd-Evans et al . 
Consequently, the two data sets predict that a signal should be 
found in the phase bin 0.2-0. 3 the same bin in which our signal 
appears. 

The phase bin widths were chosen to be 0.1, following 
Samorski and Stamm. However, a bin centered on 0.27 but 0.04 wide 
gave 16 observed, 4.2 expected. It appears that most of the possible 
signal is concentrated within a more narrow phase Interval than 0.1, 
in agreement with Samorski and Stamm and Lloyd-Evans et al . 

4. Discussion. At flux levels near those at which Cygnus X-3 Is 
detectable, no previously unknown sources were found In this survey. 
Except for Cygnus X-3, none of the possible sources reported by 
Samorski and Stamm (1984) were detected. The periodic nature of Cygnus 
X-3 was of great assistance In Its detection, however, and It would 
have been missed in the survey if its detailed properties were not 
known. The discrepancy between the 1983 and the 1984 results is 
suggestive of variability In the PeV Y -ray emission from Cygnus X-3. 

The flux error given above is from statistics, only. Systematic 
effects could give rise to a factor of two error In the stated fluxes 
or flux limits. 

5. Acknowledgement. This research was sponsored by the United 
States National Science Foundation under grant number PHY8201089. 
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SEARCH FOR ULTRA HIGH ENERGY ft- RAYS FROM 
VARIOUS SOURCES. 

T. Dzikowski, J.Gawin, B.Grochalska, J.Korejwo 
and J.Wdowczyk. 

Institute of Nuclear Studies and 
University of L6dz, Cosmic Ray Laboratory 
90-950 L6dz 1, box 447, Poland 

I. Introduction. 

Recent discoveries of the high energy cosmic ray point 
sources, /Dzikowski et al., 1980, 1981, jSamorski and Stamm 
1983a, Lloyd-Evans et al., 1983, Protheroe et al., 1984/ 
interpreted as due to ultra high energy 'f- rays, called our 
attention to the early works on the diffuse ultra high 
energy J'-rays /Firkowski et al., 1961, Suga et al., 1963/. 
One of the main puzzles in the investigations of the point 
sources is the fact, stated by the Kiel group /Samorski and 
Stamm, 1983b/ and to some extent confirmed by us /Dzikowski 
et al., 1983/, that the excess showers are not so muon poor 
as they should be in the case of their photon origin. 
That conclusion has also been in a sense, confirmed by 
recent reports about detection of a signal from Cyg X-3, in 
the underground muon experiments /see for instance Bartelt 
et al., 1984/. It should be also reminded that in the above 
mentioned early works on the diffuse photon showers /Gawin 
et al., 1965/ it has been found that the muon content in 
those showers is clearly higher than that expected for 
photon initiated showers /Wdowczyk, 1965/. 

II. Contribution of the point sources to the diffuse flux 
the excess showers. 

It has been pointed out by Wdowczyk and Wolf endale/1 983/ 
that certain number of the point sources can in principle 
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explain anisotropies of cosmic rays around 10 16 ©V. Another 
question which arrises here is if the showers from the 
point sources could he related to the muon poor showers. 


E T =5 5 GCV *T - 0.6 CCV 



Figure Comparison of the muon content in the 
showers from the Crab ^direction with that in the 
normal showers. ■ 


The first important observation 
here is that shown in figure 1 
taken from our earlier paper 
/Dzikowski et al., 1933/. That 
figure shows the muon content 
in the excess showers from the 
general direction of the Crab 
Nebula. As it can be seen the 
excess showers are relatively 
muon poor when we consider the 
low energy muons, whereas they 
appear to be rather normal in 
respect to the muons of higher 
puzzling by itself may explain 


energies. That effect, very 

why the muon poor snow e rs nave been found when low energy 


muon detectors were used but not for the high energy muons 
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Pig 2. Integral energy 
spectrum of the muon 
poor extensive air 
showers. 


, The second important point is 
illustrated in figure 2 where 

the energy spectrum of the muon 
poor showers is shown for all 
existing data /including recent 
observations of the hadron less 
showers by Nikolski at al. 1984-/ 
The main characteristic of the 
spectrum is the fact that simi- 
larly as in the case of the 
excess showers from the point 
sources it appears to be very 
flat, much flatter then in the 


case of proton initiated showers. 

Those two fact makes the hypothesis about the common 
origin of tne muon poor and the point sources excess 
showers plausible and worthwhile of further investigation. 
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distribution of the extensive air 


Lodz from 1975. In figure 3 the Galactic 

. L . showers v r 

bution of the with N >10° and different 


content 
on the 
were 
Park 



Showers with different muon content . 

In our analysis we have usedthc- showers collected in 

latitude distri— 
muon 

are shown and- compared with the expectations 
assumption of isotropy. The expected distributions 
obtained using tne method develop the Have rah 

group /Astley et al., 1981/ and 
discussed-in details by. Wdowczyk 
and tfolf endale /1984/. Essence 
of the method is that the data 
are divided into narrow strips 
of declination. For each strip 
the expected distribution of 
the Galactic latitudes is cal- 
culated assuming isotropy. 

The contributions -from the 
different strips are added 
according to the weights given 
by the experimental data. The 
expected curves in figure 3 are normalised to the experi- 
mental histograms in the interval b = 17. 5 0 - 77. 5 0 . 

It is seen that at low latitu- 
des and low muon content there 
exist an excess of showers 
compared with the expectation. 
Similarly as in figure 1 the 
excess is most pronounced for 
the showers with 0-1 muons in 
the detector, less pronounced 
I°r 2 - 3 and practically not 
seen for 4-5 muons. This excess 
in the interval b=-17.5® to b= 

1 7 » 5° amounts to 234 showers for 
0-1 muons and 105 for 2-3. 


- 40 * “20* 0 * 20* 40* 60* 80* b* 
PiG 3. Galactic latitude distribution 
of the showers with I7©>10 6 and various 
muon content /threshold energy 0.6Ge7/. 
Predicted curves calculated as described 
in the text. Figures gives number of 
actually detected. 



-40° -20° 0° 20° 40° 60° 80° b* 
5*1 6 4. 'Dhe satae as in fig 3 but for 
muon energy threshold 5 GeV. 
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The excess of showers with low latitudes may be noticed 
for the high muon energy threshold /5 GeV/ but in that case 

is less marked perhaps due 
to the fact that it is not 
disapearing with increasing 
muon number /figure 4/ but does 
not seem to exist for showers 

with N < 10 6 /figure 5/. 

* 

IV. Conclusions. 

It seems that there exist an 
excess of showers from the Ga- 
lactic plane on the level 1-2 % 
at energies just above 10 e y. 
The excess shower from the Ga- 
lactic plane seems to be very 
similar in properties to excess showers from the point 
sources /flat spectrum, deficit of low energy muons/. Those 
facts suggest that the excess from the Galactic plane are 
probably due to summing up of the contribution from individ- 
ual point sources. That in turn suggest that those sources 
are rather numerous. 
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Fig 5. The same as fig 3 but for 
smaller showers iy=/ 3+10 A 10^. 
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A SEARCH FOR SOURCES OF ULTRA HIGH ENERGY GAMMA RAYS 
AT AIR SHOWER ENERGIES WITH OOTY EAS ARRAY 

Tonwar, S.C., Gopalakrishnan, N.V. , and Sreekantan, B.V. 

Tata Institute of Fundamental Research 
Homi Bhabha Marg, Colaba, Bombay-400 005 
India 


ABSTRACT 

ru+ J A /otnn eteC t° r e * tensive air shower array is being operated 

at Ootacamund (2200 m altitude, 11.4© N latitude) in southern India to 
search ^or sources of Cosmic gamma rays of energies greater than 
5 *;• J he , angular resolution of the array has been experimentally 

estimated to be better than about 2°. Since June '84, nearly 2.5 million 
showers have been collected and their arrival directions determined 
These showers are being studied to search for very high energy gamma ray 
emission from interesting astrophysical objects such as Cygnus X-3, Crab 
pulsar and Geminga. Detailed results will be presented at the Conference. 


1. INTRODUCTION 

Judies of very high energy Cosmic gamma rays can reveal 
the sources of high energy cosmic rays and provide interesting 
information on the highest energy processes occurring in astrophysical 
objects. Many sources of gamma rays have been detected at energies less 
than I Ge y through observations with detectors aboard SAS-II and COS-B 
satellites. Atmospheric Cerenkov radiation techniques have also indicated 
the possible existence of few sources at energies /vlO'2 - ]o* 3 eV which 
need to be confirmed with better statistics and consistent observations. 
Cosmic gamma ray sources at energies greater than 10 14 eV have been 

° * or V s f n9 extensive air shower arrays sine the late 1950’s but 
the first positive result has been reported by the Kiel group' only two 
years ago with the possible detection of Cygnus X-3 at energies above 
l x 10 3 eV. Since then there have been few more reports of possible 
detection of signals from Cygnus X-3 and some other objects. Unfortuna- 
tely many of these results have low statistical significance and suffer 
from inconsistency among themselves, for example, in the phase of the 
emission for pulsating objects*. 

All the results reported till recently for Cosmic sources 
at energies above 10' 4 eV have come from observations with extensive 
air shower arrays which have not been optimised for better determination 
of arrival directions and therefore have poor angular resolution. We 
re P?£t *] e f e the observations from the EAS array at Ootacamund which was 
modified last year to improve the angular resolution for studies of 
Cosmic sources at these very high energies. A specific aim for this study 
has been the observation of showers of energies*/ 10^4 e V, to fill the 
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Figure : Schematic diagram of Ooty EAS array 

important gap between energies of less than 10^ eV where results have 
come from experiments using atmospheric Cerenkov radiation telescopes and 
energies larger than 10' 5 eV where most of the recent results from EAS 
studies have been reported. 

2. EXPERIMENTAL SYSTEM , _ A . , . 

The EAS array operating at Ootacamund (Ooty for short, 

2200 m altitude, 11.4° N latitude) in southern India, consists of 24 
scintillation detectors of various sizes spread over an area of radius of 
about 40 meters, as shown in the figure above. Detectors numbered 1 to 20 
are plastic scintillation detectors, each 5 cm thick. Detectors labelled 
N,E,W, and S are liquid scintillators using 10 cm thick column of mineral 
oil. All the scintillators are viewed by 5 cm diameter fast photomultip- 
-liers (RCA 8575) placed some distance above the scintillator. Signals 
from all the 24 detectors are digitized for total charge as well as the 
arrival time relative to the trigger for each recorded shower using fast 
ADC 1 s and TDC 1 s. 
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Showers were selected with a 4-fold coincidence of 100 ns 
wide pulses obtained from discriminators for detectors N,E,W, and S, with 
selection threshold of one particle in each detector. In addition at least 
one of the four detectors is required to have a signal larger than 3 
particles. Observed shower rate with this selection criterion is about 
7 per minute. 


Data from all the TDC's and ADC's and the real time from a 
clock run on temperature stabilized crystal (accuracy of 1 part in 10*) 
are recorded onto magnetic tape through a memory buffer. The shower 
recording time is only 1.25 ms enabling observation of showers very 
closely spaced in time, if there are any. Some more details about the 
experimental system are given in an accompanying paper (06 9.5-8) in the 
Conference. 

3. OBSERVATIONS 

Datataking was started in June '84 and nearly 2.5 million 
showers have been collected over the last one year. As discussed above, 
the shower trigger has been optimised for selection of low energy showers 
to observe sources at energies 'vlO' 4 eV. It is, however, necessary that 
a large number of detectors are triggered for each shower to provide 
timing information on the shower front to enable an accurate determination 
of the arrival direction of shower. As discussed in detail in paper 
0G?*5-8 in this Conference, Ooty array gives an angular resolution of 
better than 2° for showers which trigger at least 15 of the 20 detectors 
ignoring the four selection detectors. It has been seen that nealy 80% 
of the showers recorded satisfy this criterion giving a sample of nearly 
2 million showers for study of Cosmic gamma ray sources. 

4. RESULTS 

Right ascension and declination coordinates have been 
computed for all showers recorded during the past year. Based on the 
estimated 2° angular resolution, showers are being grouped in angular 
regions of 4° x 4°, centered on the suspected source directions. Nearby 
regions of same angular area provide the study of background under 
identical conditions. For pulsating sources, the phase analysis is being 
carried out both on the source region showers as well as the background 
region showers. Analysis is in progress and results will be presented at 
the Conference. 
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OBSERVATIONS OF POTENTIAL ULTRA HIGH ENERGY y-RAY SOURCES ABOVE 10 15 eV 

A. Lambert, J. Lloyd-Evans , J.C. Perrett, A. A. Watson and A. A. West 
Department of Physics, University of Leeds, LEEDS 2, UK. 
t Now at NASA/Goddard Space Flight Centre, USA. 


The Haverah Park 50m water-Cerenkov array (Lloyd-Evans et al 1983) has 
been used to examine a number of periodic sources for ultra high energy 
y-ray emission above 10 15 eV. The data, recorded between 1 Jan 1979 and 
31 Dec 1984, feature a modest angular resolution of ^ 3° with milli- 
second arrival time resolution post 1982. The sources investigated 
include the Crab pulsar, Her X-l, 4U0115+63 and Gerainga. All objects 
have been detected by workers in the TeV region, with varying degrees of 
confidence (e.g. Dowthwaite et al 1984 (a and b) , Chadwick et al 1985, 
Zyskin and Mukanov 1984, respectively). 

We have previously examined the Crab direction for a time-averaged signal, 
setting upper limits to the y-ray flux (Lambert et al 1983) more than an 
order of magnitude lower than the persistent signal reported by the Lodz 
group (Dzikowski et al 1983) . 

It has been noted recently (Hillas and Wdowczyk, private communication) 
that the excess showers from the Crab observed at Lodz occur in a very 
narrow shower size interval (1 - 1.58) x 10 6 particles. The latest 
analysis of the Haverah Park data makes use of recent simulations by 
Hillas (private communication) in relating the shower size parameter 
measured at Lodz to the water-Cerenkov density parameter measured at 
Haverah Park. During the 6 years operation of the 50m array, with an 
efficiency ^90%, we have observed 477 showers above 10 15 eV in a 
6° x 6° (RA, 6)bin, centred on the Crab pulsar (whilst less than 40° from 
the zenith), constituting the 'on-source’ count. The remaining RA 
portion of the declination strip yields an expected background count of 
463.9 ±2.8, resulting in an insignificant on-source excess. The 95% 

• • • _ 10 — • O “ 1 

upper limit to the flux enhancement from the Crab is 1.5x10 cm s 
at energies, E v >10 15 eV . This flux limit is of the same order as the 
flux measured by the Lodz group, at a factor ten higher in energy, i.e. 

2 x 10" 13 cm " 2 s -1 for Ey>10 16 eV (Dzikowski et al 1983). An analysis 
matching the Lodz shower size intervals and also an investigation at the 
pulsar frequency is in preparation. 

The presentation at the conference will be used to discuss the results of 
a more complete analysis for the above sources (Lambert 1985, PhD Thesis 
in preparation) . 
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OBSERVATION OF GAMMA-RAYS FROM LMC X-4 ABOVE 10 »• eV 

R.J. Protheroe and R.W. Clay 
Department of Physics, University of Adelaide 
Adelaide, South Australia 5001 

Abstract Data from the University of Adelaide air shower array 
at Buckland Park taken over a three year period have been 
analysed to search for evidence of ultra-high energy y-ray 
emission from neutron star binary X-ray sources having known 
orbital periods. We report the detection of UHE y-rays from 
LMC X-4 above 10 2 * 4 * eV, the first extragalactic object to be 
positively detected at these energies. 

1. INTRODUCTION Gamma-rays at ultra-high energies (UHE) have recently 
been observed by Samorski and Stamm (1983) and Lloyd-Evans et al. (1983) 
from Cygnus X-3 and by Protheroe et al. (1984) from Vela X-i. The 
discovery that some neutron star binary X-ray sources are emitting 
ultra-high energy y-rays has led to considerable interest and speculation 
about the origin of the y-rays (Eichler and Vestrand, 1984; Stephens and 
Verma, 1984} Hillas, 1984; Protheroe, 1984} Porter, 1984; Chanmugam and 
Brecher, 1985) and to the notion that much of the galactic cosmic radiation 
above 10 4 * eV may originate from such objects (Hillas, 1984; Wdowczyk and 
Wolfendale, 1983a, b). Following our detection of UHE y-rays from Vela X-l, 
we examined data from the Buckland Park array (Crouch et al., 1981) to test 
for an excess of air showers from regions around the galactic plane and 
galactic centre (Clay et al. 1984), and from the directions of known 
sources of y-rays at 100 MeV energies (Protheroe and Clay, 1984). 

In addition to Vela X-l, there are 14 neutron star binary X-ray 
sources in the southern celestial hemisphere which have known orbital 
periods. We have recently searched the Buckland Park data for 1979-81 for 
evidence of periodic emission of UHE y-rays from these objects (Protheroe 
and Clay, 1985) and here we summarise the results of this search. 

2. DATA ANALYSIS For each object, we examined the air showers which had 
apparent arrival directions within angle 9«= of the source direction. This 
"resolution angle", chosen to optimise the signal to noise ratio, ranged 
from 2.1° to 2.7° depending on the source declination. To test for 
evidence of periodic emission of UHE y-rays in phase with the orbital 
motion of each binary system, the arrival time of each air shower was 
converted to an orbital phase, f (0 < f < 1), after applying a heliocentric 
correction. Cosmic ray events would be expected to have a uni form phase 
distribution and the hypothesis of uniformity was tested using the 
statistic ¥„ proposed by Protheroe (1985a) specifically for testing 
circular data for uniformity while being powerful against alternatives in 
the form of a uniform distribution plus a small narrow distribution at an 
arbitrary phase. Y„ exceeded the 17. critical value only for LMC X-4. For 
the 13 other objects, 95% upper limits were obtained for the y-ray flux and 
luminosity and are given by Protheroe and Clay (1985). For LMC X-4, 63 
events were recorded within Gc^.S 0 of the source direction and, using 

the ephemeris of Kelley et al. (1983), Y«» was 7.55 compared with the 5X 
and 17. critical values of 7.32 and 7.54 respectively. 

The LMC X-4 observation may actually be more significant than 



248 


06 2.6-10 


suggested by the 1% 
significance level obtained 
using the Y„ statistic if 
the peak in the phase 
distribution is broader 
than mt" 1 of the period. 

The phase distribution of 
events from within 2.5° of 
the direction of LMC X-4 is 
plotted in Fig. 1. There 
is a significant excess of 
events between phases 0.90 
and 0.95 where we observe 
12 events when we expect 
2.65 events. The 
probability, p, of this 
occuring by chance in a 
particular bin, obtained 
using the Poisson distribution, is 2.12x10"*. The phase distribution is 
shown binned in 20 bins in Fig. 1, but was previously binned in 10 bins and 
this binning and re-binning must be taken into account when assigning a 
significance level for the observation. For LMC X-4 alone, the probability 
must then be increased to l-(l-p) <*®**®> = 6 . 63xl0 -* corresponding to a 
3.2 standard deviation observation. Since 14 sources were examined for UHE 
*- ra y emission, the probability that the observed phase distribution for 
LMC X-4 resulted from a chance fluctuation of cosmic ray background events 
is l-U-p)®©«**» = 0.009. It is therefore likely (99.17. confidence) that 
the phase distribution is not the result of a background fluctuation. 

We attribute the excess between phases 0.90 and 0.95, i.e. 9. 4+3. 5 
events, to Jf-rays. This corresponds to a time averaged integral flux of 
<4.6±1.7)xl0"*» photons m"* s“* above 10** eV, the effective threshold 
of the array for showers incident from declination -66°. Assuming an E~ a 
photon spectrum at the source and taking account of electron-photon 
cascading in the 3 K microwave background we obtain a luminosity of -vlO** 
erg s~* per decade which is of the same order of magnitude as that emitted 
at 2-11 keV energies (Bradt and McClintock, 1983). 

3. DISCUSSION Since LMC X-4 is in the Large Magellanic Cloud, some 50 kpc 
away, we would expect JT-rays below about 10** eV to be attenuated on 
traversing the 3 K microwave background. This topic is discussed in an 
accompanying paper (Protheroe, 1985b). Recent extensions to the Buckland 
Park array (Prescott at al, t 1983) have made measurements below 10** eV 
possible for this declination. 

LMC X-4 is a massive binary system with a 1.408* period. The 
inclination of the system is •*66® (Kelley et al., 1983) and the X-ray 
source is eclipsed between phase 0.92 and 0.08. If UHE protons are 
accelerated in the region of the compact object UHE Jf-rays could be 
produced by nuclear interactions in the atmosphere of the companion star. 

In this case, we would expect tf-ray emission at orbital phases -*0.92 and 
•*0.08 when our line of sight to the neutron star just grazes the star's 
surface. The observation of UHE JT-rays at a phase of 0.90-0.95 is 
consistent with this picture although the absence of UHE emission at phases 
0.05-0.10 is puzzling (a similar situation exists for Cygnus X-3 and Vela 



Fig. 1. Phase distribution of the 63 air showers 
observed within 2.5» of LMC X-4. The ephemeris 
of Kelley et al. (1983) was used. The dashed line 
shows the expected phase distribution of the 
cosmic ray background events. (Reproduced from 
Protheroe and Clay, 1985). 
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X-l where only one burst of UHE Jf-rays is observed per orbit). 



Fig. 2. The LMC X-4 primary star and inclined orbit of the neutron star 
drawn to scale based on the analysis of Kelley et el. (1983). Possible 
location of material responsible for obscuration of the primary between 
phases 0.6 and 0.9 (Huchings et ai. f 1978) is shown cross-hatched, assuming 
it lies in the neutron star orbit, for an orbital phase of (a) 0.6 and (b) 
0.9. 

The star appears not to fill its Roche lobe and to have a rather low 
stellar wind (Huchings et al. f 1978). Mass transfer may occur through a 
trailing accretion stream which may feed the accretion disc. Evidence for 
this comes from variable obscuration of the companion star between orbital 
phases 0.6 and 0.9 (Huchings et ai«, 1978) which could correspond to matter 
trailing behind the neutron star by between 0.2 and 0.3 of an orbit (see 
Fig. 2). If this matter is of considerable extent above the orbital plane 
it could be the target material for interactions of UHE protons produced 
near the neutron star. Such a scenario could produce f-rays only at a 
phase of about 0.9 as observed. 



0*5 % 
1 % 

5 % 

10 % 


PERIOD P (DAYS) 


Fig. 3. The- statistic derived from the phase distribution of the 63 
events arriving within 2.5° of LHC X-4 plotted as a function of 
precessional period. The precessional periods found by: (a) Ilovaisky et 
el, (1984), and (b) Lang et el, (1981) are indicated. 


The X-ray source has high and low states associated with a ^30* 
period (Lang et al. f 1981) attributed to precession of an accretion disc. 
The 30* period is also seen at optical wavelengths and an ephemeris based 
on observations taken over seven years has recently been published by 
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Ilovaisky et al. (1984). We have searched for evidence of modulation by 
the 30* period. We plot in Fig. 3 Y M against precession period for 
periods in the range 28.5“ to 32.5“. Y*» displays a prominant feature 

near 30.6“, highly suggestive of modulation by the precession period, and 
exceeds the 5% critical value for some periods within l<r of that found by 
Lang et al. (1981). However, for the period found by Ilovaisky et al. 
(1984), P = 30.40- ± 0.03“, Y M is less than the 57. critical value. 

There is therefore no firm evidence for modulation of the UHE Jf-rays by the 
30“ period although such modulation may be revealed in subsequent data. 

If the UHE Jf-rays are modulated with the precession period the light curve 
may be expected to be symmetrical about the time of X-ray minimum. A 
search for such modulation has also been carried out using the ephemeris of 
Ilovaisky et al. (1984) and was negative. 

4. CONCLUSION We have searched the data taken during 1979-81 with the 
Buckland Park air shower array for evidence of UHE y-ray emission by 
neutron star binary X-ray sources. In addition to our detection of 
Vela X-l reported elsewhere (Protheroe et al., 1984), we have detected UHE 
y-ray emission from LMC X-4 modulated with the 1.408“ period. 

ftcknouledgewents We acknowledge the efforts of P.R. Gerhardy in obtaining 
the data-base analysed in the present work. Others particularly 
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4U 0115 *63 - ANOTHER ENERGETIC GfthHft RAY BINARY PULSAR 


P. H. Chadwi ck , N. A. Dipper, J . C. Dowthwai te , I . W. Ki rkraan , 

• T. J . L. McComb , K.J.Orford, and K.E.Turver. 

Department of Physics, University of Durham, 

Durham DH1 3LE, United Kingdom. 

ABSTRACT 

Following our discovery of Her X-i as a source of pulsed 
1000 GeV Y-rays, a search for emission from an X-ray binary 
containing a pulsar with similar values of period, period 
derivative and luminosity has been successful. The sporadic 
X-ray binary 4U 0115+63 has been observed, with probability 
2.5X10 -4 , to emit 1000 GeV Y-rays with a time averaged 
energy flux of 6xl0 3S erg s“*. 

1 . INTRODUCTION . 

In a recent paper <l * we reported the discovery of the emission of 
pulsed 1000 GeV Y-rays by the short period X-ray binary pulsar Hercules 
X-l. It might reasonably be expected that other X-ray binary pulsars 
could be periodic VHE Y-ray sources, especially those with similarly 
short pulsar periods. We here report the results of further analysis of 
data from Her X-l and a recent detection of the 3.6 sec pulsar in the 
sporadic hard X-ray binary system 4U 0115+63. The data on 4U 0115 were 
obtained on 1984 September 21-29 using the Dugway Y-ray telescopes which 
employ the ground based atmospheric Cerenkov light technique ,a> . 

4U 0115+63 was first observed as an X-ray source by the UHURU group 
<3> and subsequently identified by the SAS III satellite in 1977 <4> as a 
sporadic 3.6146 s pulsed X-ray emitter with the collapsed object in a 
24.3 d eccentric orbit. Further detections of the X-ray pulsar were 
reported in 1980 by the Ariel 6 group <a> , with the latter observation 
providing more recent details of the period, spin up and orbital 
characteri sties <4> - see Table I. Subsequent observations have coincided 
with the object being in the low X-ray state <7> and an exact 
contemporary ephemeris is not available. 

2. RESULTS l (A) 4U 0115 + 63 . 

The data were obtained during 25 hrs of observation from eight 
intervals each of about 3hr spread over 9 days. During this time the 
Dugway telescopes, with typical energy threshold 1000 GeV accurately 
recorded the time of 37000 light flashes. The individual event times were 
adjusted to the solar system barycentre and then to the focus of the 
binary orbit, based on the information in Table I. 

PULSAR PERIOD = 3.614664 ♦ 0.0000011 s. 

PERIOD DERIVATIVE = - 0.000272 *_ 0.000007 per year 

EPOCH OF ORBIT * MJD 44586.008 

PERI ASTR0N ANGLE « 47.08 +0.20 deg. 

a. sin i ■ 140.130 Is 

ORBITAL PERIOD = 24.3154 *_ 0. 0004 d. 

ECCENTRICITY » 0.3402 + 0.0004 


TABLE I. 
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he three previous X-ray measurements of 4U 0115 suggest that the period 
changes slowly, if at all, over 14 years - see Figure 3. The very 
different and large instantaneous values of the period derivative 
observed could be a consequence of the sporadic nature of the emission 
and mav depend on the detail of the X-ray emission mechanism. We have 
therefore searched for periodicity over the wide range 3.613 - 3.616s to 
allow for the detection of the expected 3.6146+0.0001 s periodicity, 
together with the 24 hr side-bands introduced by the daily observations. 
Allowance has also been made for the uncertainties in the orbit when the 
a!!*-!!- 1 -! W T d forward over * Years. The results are shown for data 

Of 24 ! * H ? rB W8 hav# empIoy,d 4 local value for the orbit 

of 24.3135 d and the epoch and other parameters from Table I. We have 

evidence of pulsation at a period of 3.61457+0.00001 s, within the range 
of uncertainty of the extrapolated periods at the 5xl0" 7 chance level. 

The range of period over which we have scanned comprises about 5 
independent samples in our observation and accordingly we reduce the 
significance of the detection to 2.5x10"*. In addition the relaxation of 
the orbit to the adjacent sampling peak has introduced a further 2 
degrees of freedom leading to a final significance for the periodicity 
of 5x10"*. An identical analysis of off-source data shows no periodicity 
in the expected X-ray pulsar period range. 




FI6URE U Tht periodicity of our date on 
4U0113 in the period range expected froa 
the X-ray neasurements. 


nsi/RC 2t The probability of chance 
origin °f periodicity ot lc-r«y* Iron 4U 
0115*63 v»r*u* the attuned orbital 
period. 


Figure 2 shows the variation of the V-ray pulsar periodicity with 
assumed orbital period, adopting the mean value of all other parameters 
from Table I. The excess counts ascribed to 1000 GeV Y-rays comprise 2.0 
+0.4 X of the cosmic ray proton count rate which, for our telescopes, 
corresponds to a Y-ray flux of (7 + 1.4)xlO"“cm- 2 s-*. We estimate the 
time averaged luminosity in VHE Y-rays for a source emitting 
isotropically at a distance of 5 kpc with a differential spectral slope 
of 3.0 to be 6xl0 33 erg s~*. 

The X-ray emission is known to be sporadic for 4U 0115, as is the VHE 
Y-ray emission from Her X-l, and so, although the production mechanisms 
are expected to be quite different, we have tested for variability in our 
Y-ray data. There is no detectable variability in emission over a time 
of 9 days. 
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The present measurement of the pulsar period Is shown on Figure 3 
where it is compared with the earlier values from the X-ray measurements. 
It is clear that the behaviour of the period is erratic, as noted in the 
earlier work, with period derivatives which vary widely. We note a 
similar broad light curve for the emission from Her X-l and 4U 0115 - see 
Figure 4. There has not to our knowledge been any previous attempt to 
observe 4U 0115 at VHE Y-ray energies. 



JUCMN a*Y 


F16UWC 3« The variation of the pulsar 
ptriod for 4U 0119 *63 since M?l. 
Earlier Way results ar* shown • *•» 
A 1 ** and ■ '•*, Th« present result is 
shown O . The solid lines Indicate the 
measured period dertvitive at that 
epoch. The arrows show ths region* whsre 
the period eay reasonably be eepected. 



FI SURE 4 1 The light curve for 1000 ItV 
• •lesion free 4U 0U9*M. 


RESULTS i (B) Her X-l. 

Our original detection of 1000 GeV Y-rays from Her X-i was based on 

a short outburst of intense periodic (1.24 s) emission at JD 2445441.86 

and some evidence for a weak effect in data taken on G nights in 1983 
July. The University of Utah Fly's Eye EAS detector has provided evidence 
for sporadic emission at a Y-ray energy of 5xt0 14 eV lasting for less 
than 40 min at JD 2445526. 72. The duty cycle of the light curve was 

10X and the pulsed component was 40X of the cosmic ray background from a 

50 sq deg area of the sky. At the same time the 1000 GeV Cerenkov 
telescopes located near the Fly's Eye were operating and were tracking 
Her X-l. A burst of similar strength would have appeared in the Y-ray 
telescopes (aperture about 5 sq deg) as an Increase in the cosmic ray 
counts of 4007.. No indication was seen of such a strong outburst at 1000 
GeV with a light curve with duty cycle of 10X in the 40 min at JD 
2445526.7. However in a routine reanalysis of our data using a test based 
on a generalization of the Hodge-Ajne test <to> and sensitive to emission 
with a narrow duty cycle (typically 0.5X) activity with period 1237.798 
ms on JD 2445525-28 and especially around JD 2445526.7 is indicated - see 
Figure 5. On the basis of this observation a search for similar 
periodicity on the other 7 nights when Her X-l was observed was made. The 
strongest indication of activity (at period 1237.779 t) , significant 
after allowing for the degrees of freedom at the *2 a level, was at JD 
2445615.66 - see Figure 6. We make no attempt to attach a rigorous 
statistical significance to this occurrence but it is interesting to note 
that this activity, lasting 30 min, was 173.8 d <5x34. 76d) after the 1983 
April 17 outburst and 172.35 d (5x34. 47d) before the EX0SAT observed 
X-ray swi tch-on ‘ 1 1 * . 

On this basis the JD 2445526.7 activity was at phase 0.44 after switch 
on in the 34.76 d cycle. The phase in the 1.7d orbit of the 3 intervals 
of activity are similar. The activity at JD 2445615.66 was at phase 0.94 
in the orbital periodj this may be compared with the value of 0.77 for 
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1000 GeV Y-rays on JD 244S441.86 
Y-ravs on JD 2445526.7. 



n I od * m * 

Fleur* 9 I 1h* irobabtllty of 
thane* or lain a* **ricdicitv. Tha 
aelld lint ta for data for 14*5 
July 4-12. Tha broken lift* U for 
data fro* 1 41 J Jut v 10 only. 


3. CONCLUSIONS 


and approximately 0.66 for UHE and VHE 



Flour* 6i Tha »rob«tilitv of 
chant* onain of **rjodicitv 
on 1413 October 7. 


We have some evidence of additional emission by Her X-l which occurs 
5x34.76 d after the 1983 April 1000 GeV Y-ray burst and 5x34.47 d before 
the observed X-ray switch-on and which is characterized by a narrow light 
curve. A measurement at the same time as that made by the Fly's Eye in 
1983 July suggests that the strong outburst was confined to the EAS 
energies although there are indications of some activity at 1000 GeV 
during the whole of the night in question and perhaps on adjacent nights 
but again with a short duty cyclB light curve. Observations of 4U 0115 
+63 made on the basis of its similarity to Her X-l show evidence for 
pulsed VHE Y-ray emission at the X-ray period, significant at the 
2.5x10"* level. We note that the VHE Y-ray luminosity of Her X-l and 4U 
0115 appear to be similar to within a factor of three, the emissions have 
similar broad light curves and that these two binary pulsars <and Cygnus 
X-3) are seen to exhibit cyclotron line emission indicating strong 
surface magnetic fields. 


This work was funded by the Science and Engineering Research Council 
and was undertaken at Dugway Proving Ground, Utah. The assistance of the 
technical staff of the Department of Physics and the Commander and Staff 
at Dugway is gratefully acknowledged. Access to the unpublished 4U0115 
results of the University of Leicester X-ray group furnished by Dr. 
C.G.Page is gratefully acknowledged. 

REFERENCES. 

(1) Dowthwaite, J.C., etali 1984, Nature, 309, 691. 

(2) Dowthwaite, J.C., et als 1983, Astron. Astrophys., 126 , t. 

(3) Forman, W. , et alt 1976, Astrophys. J. Lett., 206, 129. 

(4) Rappaport ,S. , et al a 1978, Astrophys. J., 224,1. 

(5) Ricketts, M. J. , et al s 1981 , Space Sci. Rev., 30, 399. 

(6) Page, C.G.: 1984, private communication. 

(7) Staubert, R.i 1984, private communication. 

(8) Kelley, R.L., et all 1981, Astrophys. J. , 251 . 630. 

(9) Mardia, K.,1972, "Statistics of Directional Data", Academic Press. 

(10) Bal trusatis,R. M. , et al : 1985 , University of Utah preprint. 

(11) 0gelman,H. et alil984,Proc ESLAB Symposium. 





255 


OG 2.6-13 
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ULTRAHIGH ENERGY PARTICLE ACCELERATION IN GALACTIC SOURCES 
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Yerevan Physics Institute, Markarian St. 2, 

375036, Yerevan, Armenia, U.S.S.R. 

Nikolsky S.I., Tukish E.I. 

P.N. Lebedev Physical Institute 
117924, Moscow, U.S.S.R. 

ABSTRACT 


The recently observed primary ultrahigh energy gamma-rays 
(UHEGR) testify to the cosmic ray (CR) acceleration in the 
Galaxy. The available data may be interpreted as aamma-ra: 
production due to photomeson production in CR sources. 


According to the existing viewpoint the ultrahigh energy CR, at 
least E 10 i? eV, have a galactic origin (see, e.g. /I/). Recently 
discovered primary gamma-rays with Et 55 10 1-5- eV /2-6/ should be con- 
sidered as the first model -independent evidence for this hypothesis. 

For such a strong statement there are the following arguments: 

1) The analysis of UHEGR absorption on the 2.7 K microwave background 

radiation shows that the free path of gamma-rays with E* 3* lO* 5 eV is 

about 10 kpc, i.e. the observed UHEGR are produced within the Galaxy. 

2) From the Tien Shan EAS array data It follows that there exist show- 

ers with anomalously small content of muons and hadrons /2/. The 
"diffuse" flux of the primary gamma-rays initiating such showers is es- 
timated as J* (E* ^ 6 • 10“ eV)=(8.4±2.9) • 10“ 13 cm- 2 s" 1 sr - * /7 /. 
However the observed emission may be called a "diffuse" one only con- 
ventionally as it is, most probably, due to superposition of the unre- 
solved discrete sources, and not to CR interactions with the inter- 
stellar medium (ISM). Indeed, assuming that CR, responsible for the ob- 
served flux of "diffuse" UHEGR, are captured in the region with length- 

scale L, for the ratio of energy release in UHEGR and CR we have 


-ae = 


E ~10 ls zV 


i . k 

^CR * 


(i) 


where A is the magnetic Inhomogeneities scale in the ISM, and 
/Jcr ~ 10 ' 3 is the relative content of UHEGR in CR at E.^IO eV 
/2,7/. i 

Substituting the characteristic values of L~1 kpc (the Galaxy disk 
thickness) and A — 1 pc, we obtain ae — 1 I This is a remarkable re- 
sult since if gamma-rays have secondary origin (which seems beyond any 
aoubt), then the extremely efficient mechanism to transform the CR 
energy to UHEGR must operate. In other words, the CR must pass the path 
of the order of their free path in the UHEGR production region. 

3) Apparently, the interactions leading to UHEGR could not occur in the 
ISM since the gratnmage traversed by CR in the ISM is much less than 
100 g/cm 2 - absorption free path with respect to the nuclear inter- 
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actions. In the energy range of Interest the contributions from the pro- 
ton and electron interactions In the ambient proton fields of the ISM 
are also quite insignificant. Hence, the UHEGR "diffuse" component 
should, in fact, be the superposition of contributions of unresolved 
discrete sources, wherein the CR energy transformation to UHEGR is more 
efficient. 


So, from the facts of the limited UHEGR production region ( ^10 kpc) 
the large value of the ratio -ae (—1), and the incapability of CR to 
provide the observed UHEGR flux in the ISM it follows that the main por- 
tion of ultrahigh energy CR (at least in the energy range 10 15 - 10*’ eV) 
is accelerated in the Galactic sources. 


Generally, the interactions of both accelerated protons and electrons 
in the sources may result in the secondary UHEGR production. Under con- 
ditions of high energy density of low-frequency radiation and magnetic 
fields in presumable CR sources the most essential UHEGR production me- 
chanism, connected with the directly accelerated electron component, is 
the inverse Compton scatterings (ICS). However the gamma-ray spectrum 
expected at ICS is not in compliance with the observed one /8,9/. Be- 
sides, the electron acceleration up to E ^ 10 iy eV seems to be highly 
problematic due to strong energy losses in the magnetic field of the 
source (-dE/dt oce 2 ). The "proton" origin of the observed UHEGR seems 
more probable. 


If the UHEGR are produced in interactions of accelerated protons with 
the ambient gas, then as was mentioned, they should traverse the gramm- 
age ^lOO g/cm 2 prior to escape from the source. However in this case 
the accelerated nuclei won't be able to escape from the source due to a 
practically complete spallation in ^100 g/cm 2 of matter. On the other 
hand, the hypothesis of the UHEGR production in p-p collisions leads to 
the gamma-ray fluxes in the region E 4 3 * 100 MeV, exceeding observed ones 
from the COS B sources. In principle, the photon intensity at E 4 >100 MeV 
might be "suppressed", assuming very hard spectra of CR in the sources; 
however such spectra would contradict CR observations. Moreover, the set 
of data obtained for the best known UHEGR source, Cyg X-3, reveals the 
spectrum flattening tendency in the range 10 i2 - 10 w eV ( Fig . 1 ) . Obvious- 
ly, it is impossible to explain such spectral feature by p-p collisions 
under any reasonable assumptions on CR spectra. 


Here we suppose that the observed UHEGR are produced as a result of 
photomeson production in CR sources. If the initial protons having power- 
law spectrum (J CR (E)=K,E' S ) interact with low-frequency photons with 
field density n 4 and characteristic energy E , then the spectra of gamma- 
rays and neutrino from the secondary ir -meson decays have the form /10/ 




Q a v 

Q 4 v (£jv/Hi) 


-(s+i.) 


E* - Ei 

Fjv >Ei 


Q JV =20irs- o n f K.(f t> /2)‘ s /i2(s*i) ; 6;= 2-10 

E t = rfio/5 ; E a '*0.-i5m r tf t /Z . 


(?) 


cm 
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The parameter g characterizes the kinematics of decays ir 0 -* 2* 
and = 0.5 and ^ y c=0.21. a 



IgEj(ev) 


If besides the low-frequency photons there is also a gas component In 
the production region of UHEGR, then the resulting gamma-ray spectrum 
will be composed of two (pp- and pv ) components. Fig. 2 presents the 
total gamma-ray spectrum which is described by 3 peculiarities: 

1) The first (low-energy) part is mainly owing to p-p Interactions. In 
case of proton power-law distribution, the gamma-ray spectrum In the re- 
gion E 4 »m r c a may be approximated In the form /ll/ 

<Z) - ) Ko n s E ; 5 , (3) 

where n 9 is the ambient gas density, eg Is the cross section of the 
Inelastic p-p Interactions at E = E, /-f ( -$-~0.05). The function 

tp(s) weakly depends on s and cnanges within limits 0.01 - 0.05. 

2) At Ej Eg, , when the pp- and p > - photon contributions become of 

the same order (J pp (E^ )~ J p . (E. )), the total spectrum of gamma-rays 
Is flattened: ra a 



Obviously the flattening occurs only when E 2 «=r< E, . Assuming that 
in the source s= 2.0-2. 1 /12/, we have n* 10n 8 . The value of E, 

Is determined only by the ratio n* /n g and by CR spectrum Index s . 

3) In the region of E v > E^ the gamma-ray spectrum is entirely due to 
p # -component and heft a power-law behaviour ocE/**^ . 
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Fig. 2 



e 2 e 1 


Thus, knowing the peculiarities of gamma-ray spectrum In the wide 
range of energy, one may obtain an Important Information on the UHEGR 
sources: determining cutoff in the gamma-ray spectrum at E*~E A one 
may obtain the index of the CR spectrum in the range E ^l^E.-^Eo 
\ s 1 ) ♦ as well as may estimate the "temperature" of ambient 
photons in UHEGR production region 1^30 (E^/10 1 * eV) _i eV; usinq^he 
observed values of E A and E 2 , one may obtain the ratio n, /n a , etc 
For example^ in the case of Cyg X-3 we have e ~ 30 eV and n, /n 9 

~ * 10 • u sho “^ be noted that approximately the same values of 

these parameters are required to explain both the cutoff in CR spectrum 
at E~10 eV and the observed primary CR composition by photomeson 
production and nuclear photodisintegration in the ultrahigh enerqy CR 
sources /12-14/. 


The future studies of UHEGR as well as the ultrahigh energy CR spect- 
rum and composition will undoubtedly provide very important information 
on the ultrahigh energy CR sources. Similar programs are planned within 
the framework of AN I" project on mt. Aragats. 
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SEARCH FOR THE GAMMA-RAY FLUXES WITH ENERGIES 
ABOVE 10^ eV FROM VARIOUS OBJECTS 

Yu. A. Fomin, G.B. KJaristi arisen, G.V. Kulikov, V.L. Nazarov, 
A. A. Silaev, V.I. Solovyeva, A.V. Trubitsyn 

Institute of Nuclear Physics, Moscow State University, 

II9899 Moscow, USSR 

ABSTRACT 

The experimental data obtained with the EAS array of 
the Moscow State University are analyzed with a view 
to searching for the superhigh-energy gamma-rays from 
various objects and regions of the Galaxy. 

Introduction 

In recent years, in connection with the activities of the 
Kiel group /I/ , considerable interest has developed in the 
search for local sources of superhigh-energy /-rays. An ex- 
cess of the 2x10^qY / -rays from the CygX-3 source was 
found in /I/ . The Haverah Park group /2/ has confirmed the 
results of the Kiel group. The pulsar in the Crab nebula is 
another object attracting the researchers’ attention. The 
Lodz group have detected an excessive /-ray flux from the 
pulsar /3/ . However, the Akeno array observations failed to 
corroborate this result /4/. 

Experiment 

We have made an attempt to detect an excessive /-ray flux 
from the direction to CygX-3 ( « 0 = 307°. 8 , &= 40°. 9). The 
EAS array of the Moscow State University is located at an 
altitude of 192 m above sea level at a 35°. 7 latitude and 
has been designed for detecting the showers initiated by the 
primaries with energies above 10*^. The shower axis orienta- 
tion (the zenith angle Q and the azimuthal angle ) was de- 
termined using a system of seven scintillators one of which 
(of I m area) was located at the array center and the re- 
maining six (of a 0.5 m 2 area each) are located at distances 
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of 60 m from the array center and form a regular hexagen. 
The accuracy in determining the angles was 2° for 9 and 6° 
for (p . The shower arrival time was recorded to within Imin. 

The observations were carried out from May to July, 
1982. The total observation time was 890 hours. Of all the 
showers detected, 11000 showers with sizes Ne 2s 10^ and 8*40° 
were selected, which made it possible to observe the 
declination region 2T>I6°. 

To search for the /-showers from CygX-3, the showers 
were selected whose declinations were within the interval 
<5 0 ± 5°. This declination band was divided into 10° inter- 
vals of <* throughout the range of right ascensions start- 
ing from the bin cX 0 ±5°. With such a division, the coordi- 
nates of the source prove to appear at the center of one of 
the bins. After that, we calculated the number of showers 
and the observation times for each of the bins. Since there 
times are different for different bins, we compared bet- 
ween the fluxes, i.e. between the ratios of the number of 
showers to the time of their observation. 

Results 

Pig. I shows the dependence of the fluxes on <x in the exami- 
ned declination band. The dashed line indicates the value 
of the mean flux. It is seen that no excessive flux from 
the source was detected. 

Pig. 2 shows the phase distribution of showers for the 
I0°xI0° bin at the center of which the Cy$ X-5 source is 
located. The moment t Q = 2440,949.9176 JD was taken to be 
the beginning of the period (the zero phase); the period 
p = 0.1996814 day (p = 0) according to the X-ray measure- 
ment data /5/» The dashed line indicate the number of the 
showers calculated on the basis of the mean flux. From the 
figure it is seen that there does not exist a singled-out 
phase where the Oyg X-2 emission maximum would be observed. 

Although we have not found any excessive /-flux from 
Cyg X-3, we estimated the upper limit of the I0 I ^eV /-rays 
from the source to be KJxIO’ 15 cm~ 2 s" X , which not contra- 
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diet the results of /I/. 

Xt is of interest to compare between the cosmic ray 
fluxes from the regions located near the galactic plane 

high galactic latitudes* Fig. 3 shows the result ob- 
tained for all showers on the assumption that the value of 
the flux is independent of galactic longitude in the obser- 
ved interval £ = 45°-2I0°. Since it should be expected thht 
the /-ray-produced showers are ’’older”, we plotted the same 
dependence for the showers with' S^ 1.4 (Fig. 4). 

As seen from Figs. 3 and 4, our tentative data does 
not seen to contradict the assumption of cosmic ray isotro- 
py. Further analysis of the experimental data is, however, 
necessary. It should be noted that the same conclusion was 
arrived at in /6/, true, at a poorer statistical strength. 
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SEARCH FOR TeV GAMMA RAYS FROM EXTRAGALACTIC SOURCES 
AND THE GALACTIC CENTER 

P. N. Bhat, S. K. Gupta, P.V. Ramana Murthy, S. Swaminathan and 

P. R.Vishwanath 

The Ooty atmospheric Cerenkov array was used in 1982-83 to see if 
the galactic Center and the extra-galactic sources 3C 273, Centaurus A 
emit gamma rays at TeV energies. The ON/OFF method was used wherein 
the source was tracked for 16 minutes and immediately afterwards, a 
background region in the same zenith angle range was tracked for the 
next 16 minutes. Data were taken for v/> 15 hours (55 scans) on 
3C273, 7 hours (26 scans) on Cen A and 5 hours (19 scans) on 

galactic center. A preliminary analysis involving direct comparison of 
total rates on and off the source shows no significant excess from any 
of these objects. Results of detailed analysis using different energy 
thresholds will be presented. 
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Search for y-rays from M31 
and other extragalactic objects 

M.F. Cawley 1 , D.J. Fegan 1 , K. Gibbs 2 , P.W. Gorham 3 , R.C. Lamb 4 , 

D.F. Liebing 4 , N.A. Porter 1 , V.J. Stenger 3 , T.C. Weekes 2 

1. Physics Dept., University College, Stillorgan Road, Dublin 4, 
Ireland 

2. Harvard-Smithsonian Center for Astrophysics , Whipple Observatory, 

P.0. Box 97,Amado, Arizona, 85645-0097 

3. Dept, of Physics and Astronomy, University of Hawaii, 

2505 Correa Rd., Honolulu, Hawaii, 96822 

4. Dept, of Physics, Iowa State University, Ames, Iowa, 50011, USA 

1 ♦ Introduction. Although the existence of fluxes of y-rays of energies 
~ lO 1 ^ eV 'is now established (Stepanian, 1984) for galactic sources, 
the detection of such y-rays from extragalactic sources has yet to be 
independently confirmed in any case. The detection and confirmation of 
such energetic photons is of great astrophysical importance in the 
study of production mechanisms for cosmic rays, and other high energy 
processes in extragalactic objects. We report here on observations of 
M31, which was reported as a 10 12 eV y-ray source by Dowthwaite, et al 
(1984). We also give flux limits on a number of other extragalactic 
objects, chosen for study for reasons which will be detailed below. 

2. M3 1 observations. M3 1 appears in all respects to be a typical Sb 
spiral galaxy, and we are aware of no indications of unusual activity 
in either the disc or nucleus during the period October-November 1984 
when the observations discussed here were taken. In contrast to an 
active galaxy such as Centaurus A (detected at E > 1000 GeV by 

Grindlay, et. al. ,1975) where a model involving the central powerhouse 
could coherently describe the observations through many decades of 
energy (Grindlay ,1975) , a flux of high energy y-rays from a normal 
galaxy would be expected to originate as the superposition of discrete 
sources (e.g., binary pulsars) with a diffuse cosmic-ray Inverse- 
comp ton component, as in our own galaxy. Thus detection of a flux of y- 
rays from M31 could provide a test of this model, as well as another 
point of comparison of M31 with the Milky Way. 

We observed M31 during the two moonless periods of October-November 
1984, using the atmospheric Cerenkov technique with the 10 meter 
aperture reflector at F. L. Whipple Obs. on Mt. Hopkins, Arizona. (See 
Cawley, et al, 1985, OGG 9.5-4, this proceedings, for details on data 
acquisition and analysis techniques) • The observations were all made by 
tracking an identical path in the sky (in elevation and azimuth) for 
two successive time intervals, once while the telescope was centered on 
M31, and once with a background sky comparison region centered in the 
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Fig. 1: The limits reported here are plotted along 
with previous limits and reported flux. The spectrum 
estimate comes from scaling 70 MeV-5GeV galactic 
results up to M31. 


field. The order was 
usually ON-source 
followed by OFF-source, 
but this was interchanged 
occasionally to minimize 
any systematic bias, A 
run pair was thus 
(typically) 28 sidereal 
minutes ON and 28 
sidereal minutes OFF, The 
central PMT in the 
trigger was removed for 
both ON and OFF to avoid 
spurious triggers due to 
the high sky brightness 
of M31's nucleus. 
Observations were made 
only during cloudless, 
moonless nights and 
conditions were monitored 
in the field of view by a 
separate video camera, 
and by cross-checking 
with observers at the 
other optical facilities 
on the mountain. 


During the October data run, ten ON/OFF pairs were taken, with 
38,322 events ON and 38,340 OFF. During the November data run, six more 
pairs were taken, with 24,138 events ON, and 24,108 events OFF. These 
totals represent the uncut data results. The ON minus OFF difference 
for all triggers is 12 events , which is .031 Poisson standard 
deviations from zero. After these events were corrected for individual 
PMT gains and pedestal offsets, the resulting images were subjected to 
a selection criterion which, based on Monte Carlo simulations of y-ray- 
and proton-initiated EAS (see Hi lias, 1985, OGG 9.5-3, this 
proceedings), rejects protons with -90% efficiency compared to y-rays. 
We have determined upper limits for both the uncut data result, and the 
enhanced sample result; these limits are: 

(uncut) F(y ) < 1.6 x 10 ^ photons cm ^ s \ E > 400 GeV 

(enhanced) F(y) < 2.2 x 10 ^ photons cm ^ s *, E > 400 GeV 

at the 90% confidence level. Fig. 1 plots these limits, as well as a 
previous limit by Weekes et al (1972) also using the Mt Hopkins 10 
meter telescope, and the lower energy limit obtained by C0S-B (Pollock, 
et al, 1981). The flux shown is that of Dowthwaite, et al(1984), and 
appears to be inconsistent with the limits shown, assuming a typical 
spectral index. In fact, if one attempts to join the COS-B limit with 
the reported flux, the spectral index implied is about -.75, a very 
hard spectrum for this energy regime. Also plotted as an estimate of 
the expected spectrum, as discussed below. 
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3. M3 1 discussion. In order to provide a basis for what physical 
constraints these limits and the reported flux may impose upon M31 we 
now estimate what sort of luminosity is to be expected at these 
energies. Fortunately in this case it is reasonable to use our own 
galaxy as an indicator because of its similarities to M31. In 
particular, estimates of the total galactic luminosity in the energy 
range 70 MeV to 5 GeV have been made recently by a number of authors 
(Caraveo and Paul, 1979; Mayer-Hasse.lwander, et.al. , 1982; 

Godfrey ,1983) ,and lie in the range of 5 x 10 38 to 10 39 ergs/sec. 

If we use Godfrey's estimate of 8 x 10 38 ergs/sec for 70 MeV< E < 5 
GeV which we assume to be isotropic with an E -2 differential spectrum 
in the quoted energy range, this implies a galactic emission of about 
3.5 x 10 photons/sec at 1 GeV. Assuming that the number of sources 
scales with the mass of the galaxy , we scale this number up by a factor 
of two for M31, which is about twice our galaxy's mass. Thus the 
expected integral emission spectrum for M31 is: 

N(>E)=: 7 x 10 4 ° E _1 (GeV) photons/sec (E > 70 MeV) 

If we assume a distance of 670 kiloparsecs, and neglect both 
galactic and extragalactic absorption and scattering losses, this 
implies a flux of 

—12 -2 -1 

F < 1.3 x 10 photons cm s above 1000 GeV 

or 

—12 —2 —1 

F < 3.0 x 10 photons cm s above 400 GeV 
assuming that the extrapolation from 1 GeV is appropriate (we note that 
Grindlay ,1975, found such an extrapolation to be valid for his 1000 GeV 
measured flux from Centaurus A, when compared to fluxes at a 1 GeV). 
This flux is consistent with the limit we have reported, yet more than 
two orders of magnitude below the flux reported above. We note in 
addition that the assumptions made in this calculation were all biased 
toward increasing the flux estimate; in fact, one expects the 
differential spectrum to be steeper than E 2 and for absorption or 
scattering to play a part. A more careful calculation would probably 
only increase this discrepancy. We note, however, that recently 
Dowthwaite, et al (1985) report measurements of the y-ray flux from the 
galactic plane which give support to their claim that their M31 flux is 
consistent with the scaled galactic flux. 

4. Other extragalactic observations. As our analysis of M31 has shown, 
an isotropic emitter of y-rays must be either very luminous; or, if it 
has a typical luminosity, very close to be detectable by present 
methods. However, recent models for active galactic nuclei, as well as 
BL Lac objects and QSOs, have emphasized the importance of relativistic 
particle or photon beams (cf: Blandford and Konigl, 1979; Ronigl, 1981; 
Swanenburg, 1978) in the energetics of such objects. In particular, the 
class of sources characterized as 'blazars' (BL Lac + quasar) may 
involve beams aligned nearly along our line-of-sight (Angel and 
Stockman, 1980). Since beam half— angles of a few degrees or less are 
not unlikely, factors of > 10 3 increase in luminosity over an isotropic 
source are possible. 
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All objects reported on here were observed with similar conditions 
and methods as in M31, except that a lower threshhold of ~150 GeV was 
obtained by a different triggering requirement, and no trigger 
adjustments were needed due to the brightness of the source. 
Observation times varied between 1 and 5 hours total, with equal 
background times. Table 1 gives a list of the objects, along with: 1) 
approx. RA and DEC; 2) class of object; 3) z, the redshift (when 
known); 4) flux upper limits (photons/cra 2 /s ) for: A) the uncut data 
totals, and B) enhanced data sample, both 90% confidence level. 


TABLE 1. 


Ob ject 

RA 

Dec 

Class 

z 

limit (A) 

limit (B) 

NGC1275 

03 

19 

+41 

25 

SEYFERT 

.017 

1.2E-9 

9.5E-11 

PKS0 735+17 

07 

35 

+17 

49 

BL LAC 

.424 

1.7E-10 

6.9E-11 

PKS0 736+01 

07 

36 

+01 

44 

BL LAC 


1.3E-11 

1.5E-10 

OJ287 

08 

52 

+20 

18 

BL LAC 

.306 

4.8E-10 

1.2E-10 

PKS0 906+01 

09 

06 

+01 

34 

BL LAC 


3.1E-10 

7.1E-11 

0K222 

09 

13 

+29 

50 

BL LAC 
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09 

55 
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38 
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1.3E-10 

X1052+607 

10 

52 

+60 

42 
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MK421 

11 

01 

+38 


BL LAC 
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NGC4151 

12 

09 

+39 

30 
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ON325 

12 

17 
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12 

BL LAC 


4.0E-10 

1.1E-10 

0N231 

12 

19 

+28 

30 

BL LAC 


2.6E-10 

1. IE- 10 

3C273 

12 

28 

+02 

09 

QSO 

.158 

3.6E-10 

1.7E-10 

M87 

12 

30 

+12 

29 

NORMAL 

.003 

6.0E-10 

8.3E-11 

3C279 

12 

53 

-05 

31 

QSO 

.538 

4.6E-10 

2.0E-10 

OQ208 

14 

05 

+28 

41 

SEYFERT 


2.4E-10 

7.7E-11 

MK501 

16 

52 

+39 

48 

BL LAC 

.034 

2.5E-10 

1.8E-10 

IZW186 

17 

27 

+50 

12 

BL LAC 

.055 

1.6E-10 

2.0E-10 
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SOME EVIDENCE FOR HIGH ENERGY GAMMA-RAY 
SOURCES AT LARGE GALACTIC LATITUDES 

S. Karakula, J.N. Stamenov + and W. Tkaczyk 

Institute of Physics, University of Lodz, Poland 

Institute for Nuclear Research and Nuclear Energy, 
Sofia, Bulgaria 


ABSTRACT 

The arrival directions of the gamma-quanta with energies of 
about 10 eV which were registrated by Tien Shan experiment 
were compared with COS B observations. 

On the basis of the Monte Carlo simulations it was shown with 
low probability that arrival directions of Tien Shan gamma-quanta 
initiated showers are not uniformly distributed,' 

We show that in the region not seen by COS B mission, the 
high energy gamma-ray sources should be located at position of 
90° < 1 < 130 aryi b 1 * * * * * * * * * 11 * ^ 50°. The integral intensity of thes e sources 
should be l(>10 eV) = (4.8 ± 1.7 ) • lO" 13 - cm -2 - s _1 - str -1 . 

Ther.e are no coincidence between the gamma-quanta registra- 
ted by Tien Shan experiment with Geminga intense COS B gamma 
source. So it is shown that the integral photon spectrum of Geminga 
~ E P , where = 0.8 for E < 1 GeV) becomes steeper 
(0 >1.2) in high energy region with probability 99.9%. 


1. INTRODUCTION 

The cross-section for photonuclear interactions is much smal- 

ler than the cross-section for nuclear interactions of hadrons, so the 

extensive air showers (EAS) initiated by high energy photons 

should be of muon poor showers (Maze and Zawadzki, I960). The 

numerical estimations show that this type of EAS should content 

about 10—15% muons of that in the normal showers of the same size. 

The succesfull obsevations of flux from discrete sources made 

by the ground base Cerenkov detectors and extensive air showers 
techniques have provided many speculations on the origin of ultra- 

high energy photons (10 —10 ) eV from the Galactic point sources; 

Cyg X-3 (Samorski et al., 1983 : Lloyd-Evans et al., 1983), Crab 

(Dzikowski et al,, 198 1,1 983: Kirov et aI.,1-985 ) , Vela (Protheroe et al., 

1984). The observations of some excess of muons from th# direction 
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Cyg X-3 by Mont Blanc Laboratory (Rubbia, 1985) can be of the 
fundamental importance for the problems of origin of cosmic rays 
and also for the problem of acceleration of particles in the astro - 
physical objects. 

The Tien Shan experimental data shows that there exist EAS 
with anomalously small number of muons and hadrons (Stamenov, et 
al., 1983). The analysis of selected characteristics of muons and 
hadrons in EAS, aspecially the lateral energy structure in the sho- 
wer core and the averaged cascades in the ionization calorimiter 

(Nikolsky et al. f 1984) confirms the assumtion that there are EAS, 

14 

generated by primary gamma-quanta in the energy range E>4*10 eV. 
In the low energy interval (50MeV - 5 G-eV) the gamma emission 
from point sources has been observed by two satellite missions : 
SAS-2 (Pichtel et al., 1975) and COS B (Bignami et al., 1975 : 
Scarsi et al., 1977). The multiwire spark chamber spectrometer tech 
nique used in both experiments survived 3° of angular resolution. 

The second COS B catalog (Swanenburg et al., 1981 ) contain 25 
gamma point sources, but only four of them were identified with 
known astrophysical objects (Crab, Vela, 3C 273, q Oph molecular 
cloud). The most intense source 2CG 195+04 (G-eminga) is proba- 
bly corelated with the nearest neutron star (Bignami et al., 1984). 

In this paper we discuss the spatial distribution of eight of 
high energy photons registrated by Tien Shan experiment (stamenov 
et al., 1983) and theirs coincidence with COS B gamma sources. 

2. METHOD AND RESULTS 

Prom the experimental conditions for Tien Shan array (zenith 
angle© <30°) we have evaluated the daily exposition time for the 
source located at declination <5 from the following expression: 
cos t » (cos© - sin 6 simp )/cos<5 cos<p , where 0=30°, q> m 
43.25°. The daily exposition time has a maximum at d = 52.3°. 

We have analyzed the anisotropy of Tien Shan events in the galactic 
and celestial coordinates and calculated the following parameters: 
i) the sky area seen by Tien Shan EAS array for zenith angle 
0 < 30°, ii) the parallel <5 =43.25° (Tien Shan zenith) in the ga- 
lactic coordinates, iii) the parallel (5=52.3° (for maximum time of 
exposition) in the galactic coordinates. Pigure 1 shows also above 
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parameters. Moreover Pig. 1 shows: the arrival directions of eight 
high energy photons events, points sources and area seen by COS B. 


b"= +90 




b 11 =-90 


Pig. 1. The map of the sky area in the galactic coordinates: 

1-region not seen by Tien Shan, 2-region not seen by COS B, 
+ - Tien Shan experimental data, o,# - COS B sources, 

- - - Tien Shan zenith trajectory, .... - the trajectory of 
maximum time exposition. 

The high energy gamma-ray events have some tendency to be loca- 
ted in the region not seen by COS B, 90°< 1^< 130°, b^;> 50°. Prom 
the experimental conditions for the Tien Shan array we have evalua- 
ted the probability distribution of registration of EAS, as the function 
of declination (in rectascention this distribution is uniform ). Assuming 
that high energy gamma-rays sources are isotropically distributed on 
the sky we randomly simulate eight positions of the arrival directions 
of the EAS. Prom the large number (1000) of simulations we have 
evaluated: Q^-the.mean angular radius of eight events, - the 

mean angular radius of four most collimated events. Table 1 shows 
above parameters for the Tien 
Carlo calculations. We can no- 
tice that for both parameters 
the experimental data is lower 
than one standard deviation . 

It can be some indication that 
Tien Shan events are more 


Shan eight events and from Monte 
Table 1. 




JO 

to 

0 

Tien Shan 

42.4 

15.9 

Monte Carlo 


43 7 + 15 

* -21 
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concentrated than we expect from isotropic distribution, aspecially 
four events are concentrated in the region 90°< 1^< 130° and > 
50°, The integral intensity of this sources at energies E > 4* 10-^-^eV 
should be greater than (4.8 + 1.7 ) • 10" 13 cm- 2 s -1 str -1 (Nikolsky 
et al., 1985). Now another question: what is the reason that there 
is no coincidence of Tien Shan events with Crab (2CG 184-05)? 

If we take the energy spectrum of Crab (Hermsen, 1980 : Masnou 

^ ° " (E in eV) 

and extrapolate it up 

P( 


nd extrapolate it up to ene 
(>10 15 eV) = 1.06- 10” 14 


to jepergies of lO 1 ^ eV, the expected flux is 
cm“^ s~ 4 . So the expected number of 
showers from the Crab is n = 3.6 10 2 for the effective area Seff= 
36 m 2 and corection for the exposition time (t e xp =xt e ff> where 
X= t/24). We should notice that as it was shown by Kirov et al., 
(l985) for much weaker criterions the Tien Shan data shows the 
detectable excess from the direction of the Crab- On the other hand 


the COS B source 2CG 195 + 04 (Geminga) has much harder energy 
spectrum (Hermsen, 1980 : Masnou et al., 1981 ), p(>E) = 6.25*10"* 
(e/ 10^)”°* cm” 2 s” 1 , (E in ■ eV). The extrapolation of this spectrum 
to the high energy (E > 10 15 eV ) provides that we should expect 
23 gamma events on the Tien Shan array. Because there is no coin 
cidence with this source we can conclude that the integral photon 
spectrum in high energy range of Geminga P(>E)^E ft , where = 
0.8 for E < 1 GeV becomes steeper ft > 1.2 with probability 99.9%. 

3. DISCUSSION AND CONCLUSIONS 


There is no coincidence between arrival directions of eight 
Tien Shan photons events and COS B gamma sources. Monte Carlo 
simulations indicated that this events are more concentrated than one 
could expect from the isotropic distribution^ aspecially four events 
a concentrated in the region 90°< 1^< 130 , b > 50 : not seen by 

COS B. The spectrum of Geminga in high energy range should be 
much steeper than expected from COS B experiment. 
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BALLOON OBSERVATIONS OF HARD X-RAYS FROM NGC 4151 
AND AN X-RAY TRANSIENT SOURCE 

P. K. Kunte^, S. V. Damle^ S. Naranan^ and D. Venkatesan^ 

*Tata Institute of Fundamental Research, 

Bombay, 400005, India 

2 

The University of Calgary 
Calgary, Alberta T2N 1N4, Canada 

ABSTRACT 

An X-ray telescope consisting of 400 cm^ phoswich detectors 
(NaI(Tl)/CsI(Na)) was flown from Hyderabad (India) on 31 October 1980; 
the field of view was 11° x 11° FWHM. During a five hour observation at 
5 millibars two X-ray sources were seen (1) the variable Seyfert Galaxy 
NGC 4151 and (2) a transient of approximately 8 minutes duration in the 
vicinity of the variable source 4U1444 43 which may be associated with 
the galaxy NGC 5608 • X-ray fluxes and spectra in 18-120 keV X-rays will 
be presented. 
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CEN A OBSERVATION AT MEV-ENERGIES 


P. v. Ballmoos, R. Diehl, and V. Schonfelder 

Max-Planck-Institut fUr extraterrestrische Physik, Garching, FRG 

ABSTRACT 

During a balloon flight with the MPI Compton telescope from 
Uberaba/Brasil gamma-ray emission from the direction of Cen A was 
observed at MeV-energies. The observed flux connects to the x-ray 
spectrum of Cen A beyond 0.7 MeV and has a statistical significance 
of 4.1(5'. The extension beyond 3 MeV has a significance of 3.8 S. 
Possible interpretations of the energy spectrum are discussed. 

1. Introduction. The bright radio galaxy Cen A is the nearest active galaxy 
at a distance of 4.4 Mpc. Existing hard x-ray and low energy gamma-ray 
measurements extend to about 1 MeV (Ref 1-6). At these energies the spec- 
trum follows a power law dependence. The x-ray emission is highly variable in 
intensity and spectral shape on the timescale of months or even days. Above 
35 MeV only upper limits to the gamma-ray intensity exist (Ref 7, 8). In this 
paper new results on the gamma-ray emission from the direction of Cen A in 
the energy range 0.7 to 20 MeV are presented. The results were derived from 
a balloon flight observation of Cen A during a flight on Oct. 31, 1982 from 
Uberaba/ Brasil with the MPI Compton-telescope. The balloon reached the 
float altitude of 3.5 to 4 g/cm2 residual atmosphere at 14.4 h UT, 30 minutes 
after the transit of Cen A. Cen A was within the field of view of the tele- 
scope for about two hours; its closest angular distance to the telescope axis 
was 23°. 

2. Data Analysis and Results. The Compton telescope of the MPI and its 
performance are described in detail in ref. 9. The telescope characteristics 
are determined mainly by two detector layers. In each layer the position of 
the interaction and the energy deposit of the infalling gamma-ray are meas- 
ured. The connection between the two interaction points defines the direction 
of the scattered gamma-ray: its projection onto the celestial sphere may have 
the coordinates oC s , £ s . From the two energy deposits the Compton scatter- 
ing angle ~p can be calculated. For each measured gamma-ray event a proba- 
bility distribution of arrival directions is determined, which may be called the 
"event cake", because it looks like a donut centered around the direction of 
the scattered gamma-ray. 

Fig. 1 shows a likelihood sky map obtained from ail flight data at 
float altitude (3 hours). For each point of the map the probability p s was 
calculated (by multiplication of all event-cakes) thatjp measured gamma-rays 
came from that point. A corresponding probability p m was then determined 
for the mirror position of this selected celestial point. The mirror point is 
defined by telescope symmetries, it has the same background response as the 
source point; its position on the sky changes during the flight. The contour 
lines in Fig. 1 represent the ratio p m /p s . This ratio shows a maximum at o( = 
206°, S = -43°. The likelihood for the existence of a source is greatest at 
this position. The asymmetry of the source profiles is caused by the large off- 
axis angles of the source and is understood as instrumental effect from Monte 
Carlo calculations. 

The statistical significance of the excess was determined jn the fol- 
lowing way: For each event the derived Compton scatter angle f was sub- 
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traded from the angle 'Pg which is the difference between the direction of 
the scattered gamma-ray a.id the assumed direction of the source. The quanti- 
ty $ = f - *Pg m ay be called the "angular residual" of an event. The distribu- 
tion of residuals for a source at the position of Cen A (no background) was 
calculated by a Monte Carlo simulation for actual balloon flight conditions. If 
the distribution of residuals of the same Cen A-events around the mirror point 
is subtracted, then the resulting distribution shows a maximum at § = 0° 
(lower half of Fig. 2). In the^ upper half of Fig. 2 the distribution of residuals 
around Cen A ( o( = 201°, 6 =43°) and its mirror position are derived from 
the real flight data (including background). As can be seen the difference 
between both distributions indeed shows an excess at § = 0° and has the 
overall shape as expected from the Monte Carlo simulation. The excess in the 
interval -5° < § < +5° (corresponding roughly to the FWHM angular resolution 
of the telescope) contains 112 events and has a statistical significance of 
. Fig. 3 shows the differential count rate spectrum of the source events. 
This count rate spectrum was converted into a photon spectrum using the 
Monte Carlo simulation code. The resulting gamma-ray spectrum is shown in 
Fig. 4, where comparison is made with previous measurements in the adjacent 
energy ranges. The statistical significances of the observed values are 2.9 6’, 
0.3 €T, 3.3 S', and 1.9<o in the energy ranges 0.7-1.5, 1.5-3, 3-8 and 8-20 MeV, 
respectively. As can be seen the derived gamma-ray spectrum is an extension 
of the x-ray spectrum of Cen A beyond 0.7 MeV. This fact together with the 
position of the excess in Fig. 1 is taken as indication that the observed gam- 
ma-ray emission is related to Cen A. 

No gamma-ray lines at 1.6 MeV and 4.4 MeV are seen in the energy 
spectrum of Cen A in contrast to those reported in ref. 2. The 2 6" -upper 
limits to both lines are (3.4 and 8.0)*10“^cm“2sec'd, respectively. It cannot be 
excluded that a larger number of unresolved lines (of correspondingly lower 
intensity) contribute to the total observed flux. 

3. Discussion. In spite of the low statistical significance of the source 
detection a discussion of the implications is in order. However, no firm con- 
clusion can be derived from the energy spectrum yet because of the large 

uncertainties. 

The power law x-ray spectrum as previously measured up to about 

1 MeV extends to 10 or 20 MeV. Beyond this value the spectrum must steepen 
rapidly in order to meet the upper limits set by SAS-2 (Ref 7) and COS-B 
(Ref 8) above 35 MeV and 50 MeV, respectively (assuming their validity also 
during the time of the balloon observation). Considering the low statistical 
significance of the 8 to 20 MeV point (1.9 CT), the turnover may be even 

around 8 MeV. 

This steepening may be due to photon-photon absorption, if the source 
is sufficiently compact. Following Herterich (Ref 10) and assuming the gam- 
ma-ray source to lie within a surrounding isotropic x-ray source, the radius of 
the x-ray source should be (1.4 to 1.9)-10 13 cm depending on whether the 
turnover is at 10 or 20 MeV. Assuming the source size to be 10-times the 
Schwarzschild-radius, the central object should have a mass of order 5-10 6 M©. 
The measured gamma-ray luminosity of 3.9-K)^ 3 erg/s (1 to 10 MeV) or 7*10^ 3 
erg/s (0.7 to 20 MeV) would be 7% to 8% of the Eddington limit of this 
object (L)~ = (6 to 8.5)*10^ erg/s). If the photon-photon absorption really is 
responsible for the turnover of the spectrum, then future measurements should 
find a shift of the turnover to lower (higher) energies, when the x-ray source 
goes into a higher (lower) intensity state. 
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270 ° 260 ° 250 ° 260 ° 230 ° 220 ° 210 ° 200 ° 190 ° 
Right ascension 

Fig. 1 Sky map of equidistant likeli- 
hood contour lines (in steps of 10% of 
the maximum value). Accepted are all 
events in the range 0.7 to 20 MeV 
satisfying '•f < 37°. The likelihood for 
the existence of a soure is greatest at 

c< = 206°, 5* = -43°. 


-30 0 

angular residuals 9 C degree ] 


Fig. 2 Distribution of residuals. Lower half: 
Monte Carlo Simulation of a source at the 
position of Cen A. Upper half: flight data. 
The source is identified by the excess 
between -5° < ^ +5°. 


<0 
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Fig. 3 Differential count rate 
spectrum of the source events 


Fig. 4 Differential x- and -ray spec- 
trum of Cen A. Measurements at x- and 
high -ray energies are from ref. 1 to 8. 
Continuum > 1 MeV was seen by ref. 2 

with 0.7 S' ( only. 
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Basically two models have been discussed in the literature, how the 
power law photon spectrum can be produced: the one is the Synchrotron-Seif - 
Compton Model and the other the Thermal Comptonisation Model. 


xu * n j 1 * 16 Case t * 1e ex ^ stence °f high energy electrons is postulated. 

These produce infrared or radio photons via the synchrotron process by gyra- 
tion in magnetic fields. The synchrotron photons are then scattered by the 
Sam f . e [ ectr ° ns into the x " and gamma-ray range. A synchrotron-self-Compton 
model has been suggested by Grindlay (Ref 11) for Cen A. In his model a 
turnover of the gamma-ray spectrum is predicted at about 5 MeV. 
Within one decade of energy the gamma-ray intensity should drop by more 
than 3 decades* The break is caused by the observed turnover of the infrared 
spectrum at frequencies above 1014 Hz. The synchrotron-self-Compton model 
predicts correlated intensity changes in the infrared and x/gamma-ray ranee. 
Due to the energy dependence of the electron life-time the delay in the 
intensity changes should be smaller at gamma-ray energies than at x-ray 
energies. J 


In the Thermal Comptonisation Model low energy photons (e.g. infrared 
photons) are Compton scattered by thermal electrons, which have a kT-value 
in the x- or gamma-range. Repeated scatterings of the electrons with the 
photons result in an approximate power law spectrum, if the number of scat- 
tering processes of each photon is sufficiently large. The power law drops off 
at photon energies of a few kT. In the case of Cen A a value of kT >, 10 
mc would be required together with a small optical thickness for Thompson 
f5; a ^ te f!> n8 /^T « 1) in order to fit the observed spectrum. It has been shown 
IKei 12, 13) that in such a case the Comptonised spectrum is bumpy and 
consists of a superposition of a few individual scattering profiles. It could 
indeed be that the negative dip in the measured spectrum between 1.5 to 3 
MeV - if real - is due to such a negative bump. The present measurement 
does not allow to derive this conclusion because of the limited statistical 
accuracy. If, however, the dip is confirmed in an observation with higher 
sensitivity then this would prove that thermal Comptonisation is operating. No 
doubt, Cen A will be one of the very interesting objects to be studied by 
GRO, which will be able to determine its spectrum with high precision. 
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GAMMA- RADIATION WITH E ^ > 5 MEV DETECTED 
PROM SEYFERT GALAXY 3C120 AND REGION 
WITH l" = 190° AND b" = 20° 

Damle S.V.*, Fradkin M.I.**, Iyudin A.F.***, 
Kirillov-Ugryumov V.G.***, Kotov Yu.D.***, 
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*** Moscow Engineering Physics Institute, Moscow, USSR 


The observation of the Galaxy anticentre region in gam- 
ma-rays with E y = 5 * 100 MeV was made by gamma- tele scope 
"Natalya-1" in a balloon flight on 06.11.80 at 15.00-24.00 UT. 
The flight was performed at the ceiling 5.1 +0.1 g/cmS mag- 
netic cutoff being 17 GV. The description of“the instrument 
and the analysis of the experiment conditions are given in 
/1, 2/. The region of the sky with coordinates 06 = 4** Q h , 

S =. -20°+60° was observed during the flight. The tracks of 
electron-positron pairs generated by gamma-quanta in the con- 
vertors were detected by wire spark chambers. The recorded 
events were classified manually by an operator using a graphic 
display into three classes: "pairs", "single" and "bad" events. 
The arrival angle of gamma-quanta and their energy for selec- 
ted gamma-ray events ("pairs" and "singles") were determined 
through multiple scattering of pair components in the conver- 
tors. 


On the basis of the data obtained the celestial maps 
were made in gamma- rays for E x > 5 MeV and E y > 20 MeV ener- 
gy ranges. 6 

The search for discrete gamma-ray sources was carried 
out with the use of a cross-correlation method similar to 
that described in / 3/. Cross-correlation maps were plotted 
for E j- > 5 MeV and E g > 20 MeV. Fig.1 shows the map for 
Ej- > 5 MeV. The fluxes of gamma-radiation from the Crab Nebu- 
la source in 5 + 20 and 20 +100 MeV ranges were obtained on 
- the basis of the determined excess taking into account the 
instrument efficiency and real time exposure of the source. 
They were equal to (2.1 + 0*5) •10*' 5 ' and (1.0 + 0.3) -10'* cm‘V' 
MeV*/ respectively / 2/. The excesses of gamma-radiation with 
E y > 5 MeV were also detected from <6 = 4 * 28 m , a = +6° re- 
gion containing 3C120 source and from ol^~ 7* 20 /w + 20 m , 

$ = 28° + 5° region. 

The corresponding integral flux for 3C120 in E >5 MeV 
energy range is (3.6 + 1 .2) • 10'* cm** s*'. The cross-cof relation 
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5 6 7 

Cross-correlation raap of the Galaxy anticentre 
?hf 1 ?nif° r - B *.\ 5 MeV * <^ e curved correspond to 

2,9; 2 - 8; 2 - 6; 



analysis for gamma- quanta with 
■E y > 20 IyleV has not revealed 
any significant radiation ex- 
cess in this region and the 
corresponding upper limit of 
the flux at 90% confidence 
level is 0.8 •l0~^cm-‘ ? s'' . 

These fluxes are shown in 
Pig. 2 along with some other 
experimental data on this sub- 
ject. The confidence level of 
the excess existence for the 
sources mentioned are presen- 
ted in the Table. 

The obtained data make it 
possible to determine the lu- 
minosity in the low-energy 
range of gamma-quanta. Assuming 
the spectrum to be power law 
and taking an upper limit ob- 
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tained for Ev-> 20 MeV as the flux at that energy we can have 
o7= 2.5. The spectrum then will be J(E)=7 '10’ 5 E' AS cm' d s _/ MeV'' 
and the energy flux in 5*20 MeV range is F=5 • 1 0‘ 9 erg/cm . s. 


Table . Fluxes of different sources in gamma-range detected 
by gamma-telescope "Natalya- 1 " . 


Source 

Coordinates 

E y , MeV 

Significance 

Flux 

1 0'* cm* s' r 

oC 

s 

Grab 

5 h 30“ 

19° 

5-20 

0.999 

3 ♦ 6 

Nebula 



20-100 

0.998 

0.9 

3C120 

OJ 

& 

6° 

5-100 

0.994 

3 . 6 




20-100 

0.9 

0.8 

G( 190-20) 

7 h 20 m 

O 

CO 

CM 

5-100 

0.97 

4.2 




20-100 

0.88 

0.9 


The corresponding luminosity is L=2.3*10^ erg s 1 
(Z=0.032, II = 50 km/s Mps , P = 200 Mps). Such luminosity is 
comparable vdth that of seyfert galaxy MCG 8-11-11 (L ~ 7 -lO^erg/s) 
in the energy range (0.09 + 3) MeV /4/ and with that of 3C120 
quasar (L- 2 «10 v ® erg/s ) in the energy range (10 - 1000) MeV. 

s £he luminosity of 3C120 for B f > 100 MeV does not exceed 
2. 7*10 erg/ s /5/, that indicates to a maximum of luminosity at 
the energy of several- MeV as in the case of quasar 3C120 and 
seyfert galaxlesNGC 4151 and MCG 8-11-11. 

The X-ray luminosity of 3C120 is (1.1 - 2.3) *10^ erg/s 
and the ratio L y /g x = (1 •* 1.5)*10 a is in good agreement with 
similar ratios for seyfert galaxies MCG 8-11-11 and NGC 4151 
observed in the region of low-energy gamma-rays /4/ : 

1 If / Lx = 14) -10* and (1 * 5)*10 a , respectively. Tims 

the ratio L y / L^~10^ might be a characteristic quantity for 
the objects of such a type. 


tf 

The gamma-source in the region 1 ^190°, bo:-20 o was de- 

tected for the first time. Note, that this source is located 
near the edge of the regions scanned in SA3-II and COS-B expe- 
riments. Assuming the energy spectrum of this source 
(G 190-20) to be power law we calculated power index d ? 2 
and gamma-fluxes for energy range E y > 5 MeV and E m 20 MeV 
are presented in the Table. The excess mentioned above cannot 
be identified with the objects observed in other energy ranges 
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due to insufficient angular resolution of the gamma- teles- 
cope, but one should mind that within the indicated region 
X-ray sources with J* > 2'10’ tf Jy (Ex’ 5 2 * 6 keV)/6/ are 
absent. 
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THE UNIVERSAL SPECTRUM OF AGNs AND QSOs 
Demosthenes Kazanas 

NASA, Goddard Space Flight Center, Code 665 
Greenbelt, MD 20771 
and 

Physics Department, University of Maryland, 

College Park, MD 20742 

ABSTRACT 

The effects of the feedback of e + -e“ pair reinjection in a plasma due to 
photon photon absorption of its own radiation is examined. Under the 
assumption of continuous electron injection with a power law spectrum 
E" r and Compton losses only , it is shown that for r < 2 the steady 
state electron distribution function has a unique form independent of 
the primary injection spectrum. This electron distribution function can 
then reproduce the general characteristics of AGN, QSO spectra from 
radio to X-rays. It also implies gamma ray emission from these objects 
consistent with the observations of the diffuse gamma ray background. 

1. Introduction. One of the most striking observational features of 
AGNs and OSOs is the spectral distribution of their radiation, extending 
to over 10 orders of magnitude from radio to gamma rays with roughly 
equal energy per decade. This fact alone argues strongly for the non- 
thermal character of their radiation (Jones et al. 1974) although it has 
also been modeled as thermal emission from an accretion disk over a 
limited band pass extending ~ 1 order of magnitude in energy (Katz 1976; 
Malkan 1983). In addition statistical studies have indicated that the 
spectra of these objects in the IR to soft X-rays (Malkan 1984) and 2-50 
keV band (Rothschild et al. 1983) can be well fitted by power laws of 
specific energy indices, <x=4 and ct*0.65 respectively. Most remarkably 
these indices appear to be independent of the luminosity and the 
external morphology of a particular source. To better appreciate this 
similarity one has to consider the large number parameters involved in 
determining the emission of these objects (Mass of the black hole; 
accretion rate; magnetic field; angular momentum; angle to the line line 
of sight etc.) and contrast it to the spectral diversity of another 
class of objects, namely stars, whose spectra are determined by a single 
parameter, namely their mass. 

Protheroe and Kazanas (1983) and Kazanas and Protheroe (1983) (Hereafter 
PK and KP respectively) have tried to address this problem by arguing 
that the non-thermal electron distribution needed could result from 1st 
order Fermi shock acceleration and pointed out that the E" 3 steady state 
(after Compton and synchrotron losses) differential particle spectra, 
predicted by the theory (Bell 1978a, b; Blanford and Ostriker 1978; 
Axford, Leer and Scadron 1977) could account for the overall energy 
distribution in the spectra of these objects. However, the X-ray 

spectra are considerably flatter, a = 0.5-0. 8, (Rothschild et al. 1983) 
and hence the simplest model of a single powerlaw fails to account for 
the data. Within the simplest sychrotron self Compton model there 
should therefore be at least a break in the electron distribution 
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function from E" 2 to E“ 3 . 

In the present note it is indicated that such an electron distribution 
function, with the desired breaks, can be obtained under certain more 
general conditions if the reinjection, into the radiating plasma, of the 
e -e“ pairs produced by the y-y absorption is taken into account. 

2. The e + e~ feedback . The model considered assumes only continuous 
injection of electrons in a given volume, and Compton losses as the 
major energy loss mechanism. Synchrotron losses are also considered but 
only as a means for producing the seed soft photons needed for the IC 
scattering. The differential electron injection spectrum is assumed to 
be a power law of index r i.e 

Q e (E) = K e y" r el cm" 3 s _1 erg -1 (1) 

where y is the Lorentz factor of the electrons assumed to be 
relativistic 

(E = ym c , y>2). Following PK, the steady state electron distribution 
will be given by 

M E ) = cF T/gf f q e t0t dY ' el cm" 3 erg -1 (2) 

where dy/dt « y 2 is the rate of energy loss by .an individual electron 
due to Compton losses in the Thomson limit (Blumenthal and Gould 1970) 
and Qg tot (y) is the total rate of electron injection into the system, 
including the feedback injection of e + -e“ pairs due to y-y absorption. 
Since, according to our assumptions, these photons are due to IC of 
certain synchrotron seed photons (which are not important 
energetically), we can write, following PK, 

Qe 0t h> ' Q e (l,) + 2 / 2 Q ic (E y ) « (E y -2r) ^ (E y ) dE y (3) 

The first term of the RHS of eq(3) is the continuous direct electron 

injection, while the second is the term accounting for the e + -e" pair 
reinjection due to y-y interactions. 4 (E Y ) is the probability of 
absorption of an IC photon of energy ' T E Y , while the <S- function 

guarantees that the contribution to electrons of energy E Y comes from 
photons of energy 2y. The factors two account for the fact that two 
particles, of approximately equal energy (Bonometto and Rees 1971), are 
produced for each photon of energy E Y , and also for the change in the 
energy interval, dE /dy, needed for particle conservation. Q rr (E v ) is 
the IC emissivity gfven by ' 

Q IC (E y } = f CTl(e)de / M y) "H? (E y» e ’ Y > dY (4) 

n(e) is the soft (synchrotron) photon number density and ^2. (e , e, y) 
is the differential cross section for producing a high energy photon of 
energy E y in an IC scattering of a soft photon of energy e with an 
electron of energy y. The electron steady state distribution can then 

be obtained by solving the system of eqs (2), (3) and (4). This is an 

integral system of equations since the RHS of eq(3) depends, through 
Qlc(Ev) on tde unknown electron distribution N e (y). Using the <$- 
function approximation for do/dy (Ginsburg and Syrovatskii 1964) and the 
step function approximation for <f> YY (E y ) = 0 (E Y -E 1 ) (both 
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approximations are actually reasonable), one actually can find an 
analytic solution to this system. 

The fact that a unique spectrum, independent of the primary injection, 
is attained can be understood by looking at the behavior of the feedback 
term in eq (3). Neglect for the moment the existence of the feedback. 
If the injection spectrun is such as given by eq(l), then the steady 
state electron distribution function, assuming only Compton (and/or 
synchrotron) losses, will be N e (y) ~ y"P where p= r + 1. Consequently 
the IC photons will also have a power law distribution with index 
s=(p+l)/2= r/2 + 1. Since these IC photons are the ones responsible for 
the feedback and since their energies E » m e , the resulting e + e" 
pairs from the feedback will have a similar distribution of index s. 
One can now observe that r = s, (i.e. the primary Q e , and the 
distribution of e + -e" pairs injected by the feedback process have the 

same index) only for r = 2. If r > 2 then s < r, while if r <2 then s 
> r . The effect of the feedback is therefore to redistribute the 

electrons towards a r = 2 spectrum. Considering therefore the effects 
of the feedback at higher orders (i.e the feedback of the feedback etc.) 
one can see that the equilibrium spectrum is the one for which the 
feedback spectrum has an index s = r = 2, and equivalently, the steady 
state electron distribution function an index p=s+l=3. The validity of 
these arguments depends, of course, on whether the magnitude of the 

feedback is suficiently large so that the latter dominates the primary 
injection. Since the feedback action is essentially the redistribution 
of the high energy part of the electron spectrum, one would expect it to 
be important only if most of the energy is in the high energy part of 
the spectrum. The necessary condition for this is r < 2, and the 
effects of the feedback will be more important the lower the value of r 
and the higher the maximum energy to which the injection spectrum 

extends. This conclusion is similar to that of Bonometto and Rees 
(1971), who considered a similar case with 6-function electron injection 
at an energy Eq>Ei - 

Finally, to complete the discussion it is necessary also to consider the 
distribution function at energies E<E l9 for which it is assumed that 
<b (E ) = 0. Eq (2 ) shows that from y > 1 to y = y, = E, the integral 
will be a constant since it is dominated by the feedback term which 
becomes effective only for y > E x . This would then lead to a spectrum 
of the form N « l/.(dy/dt) « 1/y 2 . while it should be N « y“ 3 for 
y > Yx as argued earlier. The figure shows the analytic serfes solution 
to the system of eqs. (2)- (4). The bottom curve corresponds to the 
electron distribution with no feedback, while each subsequent curve 
shows the contribution of consecutively higher order feedback terms. As 
seen in the figure the series converges fairly fast and 3-4 iterations 
are sufficient to achieve the steady state index p = 3. For y < y, the 
spectrum also has the y -2 form as argued heuristical ly. (For details 
see Kazanas 1984) . 

2. Discussion and Conclusi on. A mechanism has been presented which can 

produce an electron distribution function that can account for the 
overall spectral distribution of radiation of AGNs and QSOs and the 
specific slopes observed in the IR-UV and 2-50 keV bands. It is 
interesting to note that the necessary condition for this mechanism to 
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work (i.e. most of energy injected at E»iiuc 2 ) is realized in the 
accretion shock model of Kazanas and Ellison (paper OG 8 . 1 - 7 - these 
proceedings). This mechanism involves only one free parameter the 
compactness of the sources, L/R, whose mean value can also account for 
the diffuse gamma ray background in terms of AGNs. (KP 1983). Finally 
as pointed in KP the required form of the electron distribution function 
can be obtained even if r> 2 , if all electrons are produced as 
secondaries in relativistic p-p collisions, due to the cutoff of the 
injection spectrum for E<30 MeV. 
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COSMIC GAMMA RAYS FROM QUASARS 

M.M. Lau and E.C.M. Young 
Department of Physics 
University of Hong Kong 

ABSTRACT 

The diffuse gamma radiation consists of the galactic 
and extragalactic components. The latter component 
is of special interest on account of its cosmological 
significance. Following the method recently proposed 
to estimate the gamma-ray flux from galaxy clusters 
(1) , and the detection of gamma rays from the quasars 
3C273 (2), we have used the data base of the SAS II 
satellite to estimate the contribution from quasars 
to the extragalactic gamma-ray flux. It is shown 
that quasars as a whole are significant gamma-ray 
contributors, the average gamma-ray flux per quasar 
in the energy range 35-100 MeV being (1.3 ± 0.9) x 
10 cm~^s"”sr - -*- . 

1. Introduction It is well-known from observational data, particular- 
ly those from the SAS-II (3) and COS-B (4) satellites, that the diffuse 
y-radiation consists of two components. One component is associated with 
our Galaxy and it correlates well with tracers of galactic interstellar 
matter, e.g. atomic and molecular hydrogen. This component thus gives 
information about the distribution of cosmic rays in the Galaxy and their 
interactions with interstellar matter and photon fields. The other 
component is apparently isotropic and thought to be of extragalactic 
origin. As y-radiation has been detected from extragalactic objects such 
as clusters (5) and quasars (2) , it is apparent that some or all of the 
extragalactic y-ray flux must come from discrete sources and their 
relative contributions to the total flux are yet to be determined. This 
determination will undoubtedly have very significant cosmological 
implications. 

It is thus important to separate the extragalactic component 
from the total y-ray flux. Thompson et. al. (6), using galaxy counts as 
a galactic matter tracer and the y-ray data from the SAS-II, have estimated 
the total extragalactic diffuse y-ray intensity to be (5.5 ± 1.3) x 10'^ 
and (1.3 ± 0.5) x 10"^ photons cnT^s^sr'l for energies above 35 MeV and 
100 MeV respectively. Houston, Wolfendale and Young (1) have used a 
similar method to obtain the contribution to the extragalactic y-ray flux 
from rich clusters and they concluded that this contribution from clusters 
could be quite important. This method may prove to be potentially very 
useful in estimating the average contribution to the diffuse y-radiation 
from various extragalactic objects. In this paper, we present results on 
the contribution from quasars. 

2 . The Method Although COS-B data were used in detecting discrete 
sources such as the Perseus cluster (5) and the quasar 3C273 (2) the 
rather high and uncertain background makes the search for fainter objects 
impractical. Recourse was therefore made to the earlier results from 
SAS-II which in spite of the poor statistical accuracy had the advantage 
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For a sample of a certain class of extragalactic objects, the 
aggregate flux of y-rays, Iy, from the directions of these objects can be 
estimated from the SAS-II data. If the galactic component which has been 
shown to correlate well with galaxy counts' (6) is identified, the extra- 
galactic component can be obtained. 

The galaxy-count data have been taken from the Lick survey (7) 
which gives comprehensive tables of numbers of galaxies brighter than 
m = 19.0 per square degree and which covers the range 15° < £ < 240° and 
| b | > 15° . The total gas column density (8) is then 

N HT =2.0 x 10 21 log 10 (I|) 

where Ng is the mean galaxy count per square degree. 

A Iy - plot should therefore allow the extragalactic 
component to be estimated. 

5. Results The recent catalogue containing 1549 quasars given by 
Hewitt et. al. (9) was used to search for y-ray flux. After excluding 
those quasars which lie outside the common coverage of the SAS-II and 
the Lick survey, a Iy-N^j plot of the sample has given a straight line 
which is not significantly different from the mean background derived 
using the range of Z and b of common coverage, except |b| < 9.6°. This 
result seems to indicate that bearing in mind the present statistical 
limitation, quasars as a class are either not significant y-ray 
contributors or on account of their vast distances from us, do not give 
a detectable y-ray excess above the mean background with the present data. 



Fig . 1 y-ray intensity vs total gas column density 
(as derived from galaxy counts) 



287 


OG 2.7-10 

To resolve this question we further investigated special samples 
of quasars, viz. X-ray quasars, bright quasars and quasars with small 
redshifts (z < 0.300). The Hewitt et al. catalogue lists 36 X-ray quasars 
with 25 falling within the common coverage of the SAS-II and Lick survey. 
The Bright Quaser Survey (BQS) (10) consisting of 114 objects and the 
Burbidge catalogue (11) with 67 bright quasars gave a total of 91 bright 
quasars within the common coverage. Both samples have given I - 
plots which are statistically not different from the mean background. 

Quasars with small redshifts (z < 0.300) were then investigated. 
The catalogue gives a sample of 166 such quasers with 82 usable for the 
present analysis. The result is shown in Figure 1 for the energy range 
35-100 MeV. There is clearly a contribution to the y-ray flux from these 
quasars. The upper parallel line is the best fit to the quasar inten- 
sities and the lower line is the mean background derived as mentioned 
above. The difference between the two lines is then attributed to the 
contribution from quasars. 

The average y-ray intensity from quasars is found to be 

_5 _9 -l -1 

Iq(35-100 MeV) = (1.310.9) x 10 cm s sr 

-5 -2 -1 

For.. the energy range > 100 MeV only an upper limit (= 1.3 x 10 cm s 
sr - ) can be set in view of the very poor statistics. This result could 
imply that the average energy spectrum of quasars may steepen at energies 
around 100 MeV. 

4. Discussion We have shown that there is indication that quasars 
as a whole might be significant contributors to the extragalactic y-ray 
background. It also appears that quasars as y-ray sources are mainly 
determined by their distances from us and are not related to their 
optical properties. The maximum redshift in our current sample 
corresponds to a distance ^760 Mpc. From the distribution of redshifts 
in the sample the average luminosity is found to be 

48 -1 

Lq(35-100 MeV) = (2.511.4) x 10 ° ph.s 

The total contribution of quasars to the extragalactic y-ray flux in a 
non-evolving universe can be determined from the mean luminosity and the 
density of quasars. The spatial distribution of quasars is found to be 
non-uniform (12) and in the case of the local region, the non-uniformity 
appears to be more significant (13) . The space density of quasars can 
be calculated from their redshifts and luminosity function. However, 
in view of the very low fluxes involved and the poor angular resolution 
of the detectors, we have assumed a uniform space density and arrived 
at a value of 0.21 x 10"^ Mpc"^ in the small redshift range. Assuming 
no evolutionary effects, the universal flux due to quasars is then found 
to be (3.5±1.9) x 10" 4 cm~ 2 s _1 in the 35-100 MeV energy range. 
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SOME EVIDENCE FOR LARGE GRAVITATIONAL 
REDSHIFT IN SEYFERT GALAXY NGC 4151 

W. Tkaczyk and S. Karakuta 
Institute of Physics, University of Lodz, Poland 


ABSTRACT 

The photon spectra of two Seyfert galaxies NGC 4151 and 
MCG 8-11-11 are good experimentally established in the X-ray and 
gamma range. 

In this paper we propose the annihilation of the high tempera- 
ture positrons with cold electrons as the possible mechanism of 
photons productions in the Seyfert galaxy NGC 4151. The photon 
spectrum of NGC 4151 with whole its observed features from the 
soft X to the gamma ray range can be very good described by an- 
nihilation of positrons and electrons at temperatures 3*10 12 °K and 
10 8 °K respectively. Moreover the photon spectra from annihilation 
of unthermalized plasma with above parameters should be shifted to 
the lower energy by redshift z = 100. In that case the source of 
photons should be placed closely to the black hole horizon (r = 

1.0001 r ri ). 

§> 

1. INTRODUCTION 

At the present time is quite clear that the pair (e + ,e - ) an- 
nihilation process occurs in certain classes of astrophysical objects. 
The positron-electron annihilation radiation is observed as well as 
the line 0.511 MeV from the Galactic Center (MacCallum and Le - 
venthal, 1983) and in gamma - ray bursts (Mazets et al., 1981 ). 

In a hot plasma the pairs are produced through: i) photon-photon, 
ii) photon-particle, iii) photon or particle in a strong field (magne- 
tic or gravitational), iv) particle-particle interactions. The created 
pairs annihilate into photons or participate in other photon and pair 
producing processes. The great theoretical effort has been recently 
put py Svensson (l983) into the understanding of this process in 
the midly relativistic plasma. 

We have studied the pair (e + ,e ) annihilation phenomena in 
relativistic plasma in order to evaluate the photon energy spectrum, 
for the case in which the electron and positrons have different tem- 
peratures (T e -=^T e +). In this paper we propose the annihilation 
of the high temperature positrons with cold electrons as the possible 
mechanism of photons productions in Seyfert galaxy NGC 4151. 
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2. METHOD AND RESULTS 


We have analyzed the pair annihilation from hot plasma using 
analytical and numerical methods. To determine the photons energy 
production spectra from pair e ,e annihilation, we assume that: 
i) angular momentum distributions of electrons and positrons are 
isotropic, ii) momentum distributions of electrons and positrons are 
Maxwellian with T & + + T- . We have calculated the photons spectra 
for the temperature of electrons and positrons in the range 10 5 - 
10 K. Figure 1 shows as example the photons energy production 
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Fig. 1. The photons productions 
energy spectra from an- 
nihilation of the electrons 
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with temperature T^- =*10 K 
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respectively. 


spectra from annihilation pro - 
cess for the selected tempera- 
tures and unit concentration of 
positrons and electrons in the 
plasma. We can notice that the 
spectra have the characteristic 
power-Jow feature in central 
part, where the power index 
can be even a = -1. We see 
also thermal cut-off from low 
and high energy sides. The 
photon spectrum of Seyfert ga- 
laxy NGtC 4151 have a similar 
features, but in the low energy 
range (l keV - 3 MeV). The 
photon spectrum of NGC 4151 
in energy range from soft X- 
ray to 3 MeV is a power-low 
type but the spectral index is 
varing from -1.6 for HEAO l/A4 
X-ray measurements (Baity et 
al., 1983) to -1 for MISO ganrw 
ma observations (Perotti et al., 
1981 and 1983). Recently the 
obseved cut-off in the soft X- 
ray range was interpreted as 
photoabsorption or absorption 
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in the strong magnetic field. Many models have been proposed to 
explaining the spectral break at (l-3) MeV, for details see review 
paper Bassani et al. ( 1984). In this paper we propose the annihila- 
tion of high temperature positrons with cold electrons as the pos- 
sible mechanism of photons productions in the Seyfert galaxy NGC 
4151. The photon spectrum NGC 4151 with whole its observed fea- 
tures from the soft X-ray to the gamma-ray range can be good des- 


cribed by annihilations of positrons 



energy/GeV 


Fig. 2. Photon spectrum of NGC 
4151 (from Houston and 
Wolfendale (l9 8 2 ) ) . The 
full line describes the red- 
shifted by z = 100 spect- 
rum from annihilation of 
electrons with temperature 

Q 

10 K and positrons with 
12 

temperature 3* 10 K. 


and electrons at temperatures 
3*10 12 K and 10 8 K respective- 
ly. Moreover the photon spectra 
from annihilation of unthermali- 
zed plasma with above parame- 
ters should be shifted to the 
lower energy by redshift z = 
100. We proposed black hole 
model for galactic nuclei with 
unthermalized electron-positron 
plasma in central region. The 
annihilation spectrum is shifted 
to the lower energy due to gra- 
vitational redshift. In that case 
the source of photons should be 
placed closely to the black hole 
horizon (r=1.0001 r^). Fig. 2 
shows the photon spectrum of 
NGC 4151 obtained by different 
experiments taken from Houston 
and Wolfendale (1982). The full 
line shows the predicted flux 
from our model for parameters 
described above. The better 
estimation of discussed parame- 
ters will make possible from fu- 
ture simultaneous measurements 
of flux in X and gamma-ray 
energy ranges. 
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3. DISCUSSION AND CONCLUSIONS 

The photon spectrum of NGC 4151 in X and gamma energy- 

range can be good described by the annihilation of hot positrons 

+ = 3*10 K) with cold electrons (T - = 10 k), moreover 

the annihilation region should be located closely to the black hole 

horizon (r=1.0001 r ). The concentration of electrons and positrons 
13 -3 . 

n e ± = 6*10 cm in the central source ensures the observed flux 

from NGC 4151 in the case when it is the black hole with mass 
9 

10 in the nucleus and located at the, distance of 2 0 Mpc. 

Nor the source of high temperature positrons (T^ + T^-), we Pro- 
pose two possible scenario: i) additional acceleration by the elect- 
ric field, caused by charge separation, similar as we proposed for 
gamma bursts sources (Tkaczyk and Karakula, 1985), ii) decay of 
secondaries ji+ from p-p interactions (Giovannelli et al. f 1983a f b), 
The timescale of flux variability expected from our model should 
be the same for diffrent energy ranges (x, gamma) and shorter than 
it is observed now. The simultaneous obsevations in the X and gam 
ma ray ranges can support or exclude this model, 
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LIMITS ON THE DOPPLER FACTOR IN RELATIVISTIC JETS 
BY MEANS OF GAMMA-RAY OBSERVATIONS 


A. J. Dean * & L.Bassani ** 

* Physics Department , Southampton University, 
Highfield Southampton ,S09-5NH,U. K. 

** Istituto TESRE -CNR, Via De' Castagnoli 1, 
40126 Bologna, ITALY. 


ABSTRACT 


We present in this paper a new, simple and 
potentially useful method for constraining the 
kinematical parameters of relativistic jets based 
on gamma-ray spectral measurements of Active 
Galaxies. The application of this method to the 
Quasar 3C273 leads to a value of the Doppler 
* aCt H r °* 3_4 - This corresponds to jet parameters 
of P >2 and <15 c in good agreement with the 
values estimated independently from radio 
observations of superluminal motion. For the 
particular case of 3C273,our results are also 
compared to those given by a similar technique 
based on the comparison of the X-ray observational 
data with the synchrotron self-Compton prediction 
from radio measurements. The application of the 
proposed technique to a significant sample of 
active galaxies as a result of future gamma-ray 
surveys of the sky is briefly discussed , 
particularly with respect to possible ways to 
constrain the cosmological constants H t and q 0 . 


1. INTRODUCTION. A recent investigation (1) of the 
attenuation of gamma-rays in the vicinity of Active Galactic 
Nuclei (AGN) as a result of photon-photon absorpti on , based 
on the simplified picture in which the emission was 
considered isotropic and at fest with respect to the 
observer , showed that some classes of objects, namely Quasars 
and BL Lac s, are generally opaque to photons of energies 
greater than 1 MeV. Emission is possible, however, for 
progressively higher gamma-ray energies provided that a 
certain degree of colli mat ion exists for the associated 
photons. 

Such a treatment , whilst correct in principle, cannot be 
employed if Active Galaxies have relativistic jets beamed at 
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a small angle toward the Earth. In this case, the 
photon-photon absorption optical depth as calculated in the 
observer rest frame must be modified to take into account 
relativistic Doppler effects. 


2. FORMULATION. We have considered a simple jet model 
having only an approaching component with a single bright 
blob of material moving rel ati vi sti cal 1 y at some angle to 
our line of sight. To take into account the combined 
effects of Doppler blueshifting of the gamma-ray photons and 
of relativistic beaming, the size of the emitting region must 
be decreased while the brightness of the source as well as 
the energies of the interacting photons must be increased by 
suitable powers of the Doppler factor 
5 _ £ f* ( I _ (3> where V = C » - >/z > & is the 
velocity of the jet in units of the speed of light and ©" is 
the angle between the line of sight to the source and the 
jet axis. Extensive details of this kind of analysis are 
given in (2) and the reader is referred to this paper for 
the relevant formulae. 


Using the formalism of (1) and including the 
appropriate factors of S we derive the following expression 
for the photon-photon absorption optical depth in a 
relativistic jet: . u 


where all quantities refer to the observer rest frame. Lx 
(erg/sec) is the source X-ray luminosity ,R (cm) the source 
size as measured by the variability timescale, E ( KeV) 
the energy of the interacting gamma- ray photons and e>< the 
source energy spectral index in the X-ray band. For Lx 
taken over a fixed energy interval ,f < oO is a slowly 
varying function of o< . 


If a cut off is observed in the gamma-ray spectrum of 
an active galaxy at a given photon energy E ( >1 lieV) as a 
result of the photon- photon absorption process , T** can be 
set to unity and a direct estimate of the Doppler factor can 
be made. 


3. DISCUSSION. At the present time there is a lack of 
gamma-ray observational data on a meaningful sample of 
AGN ,50 that numerical evaluations of & by this means will 
have to await a suitable extragal acti c gamma-ray 
survey . However , an estimate of the Doppler factor for a 
number of known gamma— ray emitting ABN can be made on the 
basis of the few available observational data. With the 
exception of 3C273, we find that for all objects so far 
detected at gamma— rav energies (NGC4151 ,MCGB— 1 1— 1 1 ,NGC1275, 
and CEN A (2)) O < 1 , which indicates that relativistic 
beaming of the high energy radiation is not required. 
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For the Quasar 3C273, using values of Of = 0.4, Lx =1.1 
10**46 and R=1.3 10**15 as observed in the 2-10 KeV energy 
range < 3,4 ), we -find that £” lies between 3 it 4 for an 
assumed gamma-ray cut-off at energies of between 1 and 50 
MeV. This corresponds to t* >2, ©<15° and J2> >0. B7. That 
is, according to the model the beam is at least mildly 
relativistic and is pointed within 15 degrees to our line of 
sight. The precise 'values depend , albeit marginal ly,on the 
choice of the Hubble constant. For H o =100 Km/sec Mpc, S is 
reduced to values ranging between 2-3. 

3C273 has been a principal object of study by 
VLBI,since the first development of this technique and 
studies of its compact structure quickly showed it to be 
a 'super luminal radio source' (5 ) . In this class of 
sources, the apparent velocity v/c of the jet as measured 
with the VLBI technique is related to the angle ©" to the 
line of sight and to the velocity of the moving material 
in the jet frame bys 

v/c = ^sin ^/(l- ^cos© - ) 


To account for an observed apparent velocity as large 
as 10.6 ( a value scaled to our adopted value of H , 
(5)), this equation requires that ©'<11° , !"* > 10 and ^>0.99 
in agreement with the values obtained from the application 
of the gamma-ray method. Therefore evidence for bulk 
relativistic motion in the 3C273 jet comes from both 
superluminal motion and X/gamma-ray measurements. Only by 
combining these two techniques, is it possible to calculate 
unique values for the jet parameters: for H«=50 and taking 
S' =3-4 and v/c=10.6,we find P =15-20 and ©'=8°-9° . 

The method proposed here can also be compared to the 
technique first applied by Marscher et al . ( 6) and 

recently employed by a number of authors <7,8,9 ) , which is 
based on the comparison of X-ray observational data with the 
synchrotron self -Compton predictions from radio 

measurements. Unwin et al.<10> have recently applied this 
technique to the specific case of 3C273 and have deduced 
lower limits to the Doppler factor of the knots in the jet. 
At least one knot < the closest to the unresolved core) must 
be moving relati vistical 1 y with 5 >2-5 , t* >1-4 and < &' < 
25°. For the core, the observational parameters are not 
sufficiently accurate to put constraints on the kinematics 
of the innermost region of the jet. In particular ,the self 
absorption spectral turnover of the core as well as its 
angular size must be measured with high precision before 
stronger limits to and f 1 or may be deduced- 
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One should note that the value of S obtained by the 
X/radio comparative method represents a lower limit on the 
Doppler factor o-f the jet since other X-ray emission 
mechanisms can be operating in the source- A similar 
situation exists for the case of the gamma— ray technique 
which, however, has the advantage of relying only on a 
measurement in a single waveband- In both cases estimates 
on the Doppler factor carry a certain degree of error due to 
uncertainties in the parameter evaluation and therefore both 
methods should be used in a complementary and comparative 
way. 


A future gamma-ray survey of extragalactic objects with 
instrumentation of adequate sensitivity and broad band 
spectral resolution which operates for photon energies above 
0.1 MeV will be significant for the study of 
relati vistical ly beamed gamma-ray sources- In particular, 
it will be possible to determine upper limits to the 
cosmological parameters Ho and qo ,by observing a large 
sample of AGN at X/gamma-ray energies so that the minimum 
bulk Lorentz factor f* needed to explain the observations 
can be calculated. The same group of objects have then to 
be monitored at radio frequencies by a dedicated VLSI array 
in order to determine the jet apparent velocity and 
consequently t 1 2 3 4 . After averaging over angles of ejection 
relative to the line of sight, the mean ratio between the two 
values of t 4 can be determined as a function of Ho and 40 - 
Objects at the same redshift would yield a limit on the 
Hubble constant while objects at different redshifts would 
allow a limit on qo to be placed. 
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ENERGY SPECTRUM OF EXTRAGALACTIC GAMMA-RAY SOURCES 
R.J. Protheroe 

Department of Physics, University of Adelaide 
Adelaide, South Australia 5001 

1. IN7R0DUCT ION. Soon after the discovery of the cosmic microwave 

background radiation it was pointed out that y-rays above 10** eV would be 
attenuated by photon-photon pair production inter actions with photons of 
the cosmic background (Jelley, 1966f Gould and Schreder, 1966, 1967a). 

Other processes, e.g. double pair production (Brown et al., 1973), can also 
be important at extremely high energies. Later, it was realised that if 
the intergalactic magnetic field was low then y-rays above 10** eV might 
still reach Earth from extragalactic distances through an electron-photon 
cascade involving pair production and inverse Compton CIO interactions 
(Bonmetto, 1971} Bonmetto and Lucchin, 1971; Allcock and Wdowczyk, 1972; 
Wdowczyk et al. t 1972; Stecker, 1973; Gould and Rephaeli, 1978). In many 
of these calculations, only the highest energy electron or photon produced 
in an interaction was considered in order to reduce the problem from a 
cascade calculation to a simpler one of calculating the energy loss rate of 
the "high energy particle". 

Recently, Clay et al. (1984) reported an excess of EAS above 
o.lO*«» eV from the direction of Cen A. At first sight, it seems unlikely 
that the excess could be due to y-rays as Cen A is about 6 Mpc away, more 
than 600 times the interaction length of 10** eV photons with the 3 K 
microwave background radiation. Subsequently UHE y-rays above 10** eV 
have been observed from another extragalactic source, LMC X-4, in phase 
with its 1.408* orbital period (Protheroe and Clay, 1985). This object is 
in the Large Magellanic Cloud at a distance of *50 kpc, i.e. about 5 
interaction lengths away. With this recent extension of extragalactic 
astronomy to photon energies in excess of 10** eV, it is therefore timely 
to re-examine the extragalactic propagation of y-rays in detail. Here I 
report the result of Monte Carlo electron-photon cascade calculations for 
propagation of y-rays through regions of extragalactic space containing no 
* magnetic field. These calculations then provide upper limits to the 
expected flux from extragalactic sources. 

2. THE SIMULATION. Since we are interested primarily in y-rays in the 
10**-10*’’ eV energy range, I have only considered interactions of 
electrons and photons with the 3 K microwave background radiation. As 
mentioned above, to obtain an upper limit to the expected y-ray flux from 
w sources, I have assumed that the intergalactic field is so low that it can 
be ignored (i.e. << 10“ r gauss). Interactions with photons of the 
near-infrared background radiation (Matsumoto et al., 1983; de Bernadis et 
al., 1985) are not considered here although these will have important 
implications for y-rays below 10** eV i f the near-infrared background 
radiation is universal (this topic is discussed later). Interaction 
lengths of electrons and photons in the microwave background radiation at a 
temperature of 2.96 K (Narlikar, 1982) have been calculated and are given 
in Fig. 1. For photon-photon interactions, this is based on the results of 
Gould and Schreder (1967b) together with the correction by Gould (1983) 
and, for IC interactions, on an integration over the full Klein-Nishina 
cross sections (Jauch and Rohrlich, 1976). 
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Full Monte Carlo simulations 
of the electron-photon cascade 
involving photon-photon pair 
production interactions and IC 
interactions of electrons with the 
3 K background were then performed 
using the exact cross sections. 

Full details of the calculation 
will be published elsewhere 
(Protheroe, 1985) . 

To run the Monte Carlo 
simulation program over very large 
distances (e.g. greater than 
•>.200 kpc) would take excessive 
computer time. To get around this 
problem, the simulation was run 
over a smaller distance, Ax, in 
order to obtain matrices CA(Ax)3, 

CB(Ax) 1 , CC(Ax) 1, and CD(Ax)3 which describe the evolution of arbitrary 
electron and photon spectra after propagation through distance Ax of 
extragalactic space. The energy spectra of photons and electrons at 
distance x from the source, F r (E,x> and F K (E,x), are represented by 
column vectors f'fx) and f*(x) whose elements are defined by 

aE„ 

f' k <x) * j F,(E,x> dE (1) 

E k 

and 



Pig, 1, Mean interaction length of electrons and 
ays in a 2.96 K black body radiation field. 


«E k 

f« k <x) » i F*(E, x) dE <2> 

E* 


where a«E k ^t/E k . The spectra of photons and electrons after traversing a 
further distance Ax are then obtained from 

f»<x+Ax) - CAfAxnf'Cx) + CB(Ax) ]f*(x) <3) 

f*(x+Ax) * CCfAxllf'fx) + CD(Ax)3f*<x) (4) 


where A(Ax) kJ is the mean number of photons produced with energies in the 
range E k to aE k as a result of an electron-photon cascade through 
distance Ax initiated by an "average" photon with an energy in the range 
Ej to «Ej. The elements of CB(Ax)3, CCCAxlJ, and CD(ax) 3 are defined in 
a similar way for the appropriate primary and secondary species. 

In the present simulation, Ei=100 GeV, a®10 0,1 , and 90 energy bins 
were used. For each primary energy, e.g. bin k, 400 primary f-rays were 
sampled from an E“* differential spectrum in the range E k to «E k and for 
each primary JT-ray a full Monte Carlo calculation was carried out over a 
distance ax = 50 kpc. The secondary photons and electrons reaching distance 
Ax having energies in bin j were then divided by 400 to obtain A(Ax) k j and 
B(Ax) k j respectively. An identical method was adopted for primary 
electrons to obtain C(Ax) k j and D(Ax) k j. 

3. RESULTS. The differential and integral energy spectra of JT-rays 
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*>• 


A 


expected at various 
distances ranging from 
50 kpc to 6.4 Mpc from a 
source which emits an 
E“* differential y~ray 
spectrum are shown in 
Fig. 2 for two extreme 
assumptions about the 
intergalactic magnetic 
field. 

The spectra 
corresponding to a 
distance of 6.4 Mpc would 
apply to Cen A. Clearly, 
if cascading takes place 
then y~rays at 

energies 

could reach Earth. To 
see what primary Jf-ray 
energies Ci.e. at the 
source) would produce 
Jf-rays which would be 
observed in this energy 
range, the spectrum 
expected from a 
monoenergetic source of 
y-rays at a distance of 
6.4 Mpc has been 
calculated for various 
primary energies in the 
range eV. 

The result is shown in 
Fig. 3 and indicates that 
y-rays at eV 

energies from a source at 
6.4 Mpc distant would be 
due to primary y-rays of 
energy eV. 


i =;■<)<, k 



Tig. 2. Expected differential (a and b) and integral <c and d) energy 
spectra of f-raya at distances of 0, 50, 100, 200, 400, 800 kpc, 1.6, 3.2 
and 6.4 Mpc from a source emitting an E~* differential spectrum of f-rays 
(the curves are not labelled but may be identified as in each case the flux 
at 10» GeV decreases monotonical 1 y as distance is increased). (a) and <c) 
are for zero magnetic field conditions in which cascading is unimpeded} 

(b) and <d> are for high field conditions. (N. B. curves do not take 
account of the inver se-squar e law). 



Fig. 3. Average differential energy spectrum expected at Earth from a 
source at a distance of 6.4 Mpc emitting monoenergetic f-rays. The curves 
do not take account of the inverse -square law and are normalised to one 
primary ^~ray and are divided by the primary energy, E n . (Numbers 
attached to the curves are Jog ftQ CE a /8eV]) . 


4. DISCUSSION. Sources in the Magellanic Clouds, or in other galaxies of 
the local group, should have energy spectra which display an absorption 
feature at 10 ,,4 -10 1 * eV energies together with a peak just below 
10** eV. The peak just below 10** eV could make observing in this energy 
range quite attractive. The shape of the spectrum contains information on 
both the magnetic field and the column density of microwave photons, i.e. 
the relative heights of the peak and dip will depend on the magnetic field 
and distance to the source. If the energy spectra could be accurately 
mapped out, the depth of the absorption feature together with the height of 
the peak could then possibly be used to measure both the distance to the 
source and the average strength of the magnetic field along the line of 
sight to the source. It is thus possible, in principle at least, to obtain 
information about the radiation content and magnetic field in intergalactic 
space withiK the local group by studying the energy spectra of JT-ray 
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sources* 

It is clear from Fig. 2Ca) that it is possible for <*<10*® eV f-rays 
to reach Earth from Cen A provided the intergalactic magnetic field is low 
enough. Even then, however, the flux is down by <*.10“® of that we would 
receive if the cosmic microwave background radiation were not present. For 
the observed excess of air showers from the direction of Cen A (Clay et 
el., 1984) to be due to Jf-rays from Cen A, either the microwave background 
radiation must not be universal or Cen A must be much more luminous at 
<*.10*® eV energies than at lower energies. It would have to have a 
luminosity per decade at <*.10*® *V comparable to that of 3C273 at lower 
energies. A third possibility is that a foreground source in our Galaxy is 
being observed. Clearly, additional observations of Cen A are urgently 
required. 

There has recently been an observation (Matsumoto et al., 1983) of a 
dilute near-infrared background radiation. If the near-infrared photon 
energy density is as high as suggested and is universal then sources more 
distant than any in the local group of galaxies would show energy spectra 
strongly attenuated below 10** down to <*.10** eV (see also Rana and 
Wol fendale, 1984). A peak in the energy spectrum would not then be 
apparent at just below 10** eV for these sources but might occur instead 
at just below 10** eV. This could be the explanation for the somewhat 
higher than expected (on the basis of extrapolation from hard X-ray 
energies through 100 MeV upper limits? see e.g. the survey by Baitty et 
al., 1981) JT-ray flux from Cen A observed by Grindlay et al. (197S) at 
these energies. 
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ULTRAHIGH ENERGY GAMMA RAYS - CARRIERS 
OF COSMOLOGICAL INFORMATION 

Aharonlan F.A. and Atoyan A.M. 

Yerevan Physics Institute, Markarlan St. 2, 

375036, Yerevan, Armenia, U.S.S.R. 

ABSTRACT 

A possibility to verify a number of cosmological hypotheses 
by searching the cutoffs In spectra of ultrahlgh energy 
gamma-rays (UHEGR) from extragalactlc sources Is discussed. 


One of the most significant problems of cosmology Is the nature of 
the evolution of the Universe. Observational data being the basis of 
contemporary cosmological models are not numerous: Hubble law of red- 
shift for galaxies, element abundances, observation of cosmic microwave 
background radiation (MBR). The significance of MBR discovery predicted 
in the Big-Bang model should particularly be stressed. Meanwhile, radio- 
astronomical measurements give an information on MBR only near the 
Earth, i.e. at present epoch. Experimental confirmation of evolution of 
MBR, i.e. Its probing in remote epochs, might obviously present a di- 
rect verification of the hypothesis of hot expanding Universe. The car- 
riers of similar cosmological Information should be particles which, 
firstly, effectively interact with MBR, and secondly, make It possible 
to identify unambiguously the epoch of Interaction. These requirements 
are satisfied with gamma rays of ultrahigh energies (E. =» 10 i3 eV) 
emitted by discrete sources at cosmological distances. 


The cross section of e + - e~ pair production at photon-photon colli- 
sions of gamma rays with isotropically distributed monoenergetic photons 
depends only on parameter b = fcc oE^/mW , E k and Kco being the ener- 
gies of gamma rays and field photons, respectively. Starting from the 
threshold value of b=l the cross section increases rapidly to the maxi- 
mum at b=3, and then decreases slowly as /l/. In the case of 

Planckian distribution of MBR (temperature T 0 * 2.7 K) the free path A 
of gamma rays is minimal at — 10^ eV being equal to ~8 kpc. A weak 
increase of A oc E k at 10 iff eV Is explained by the decrease 

of the cross section at b*>l, whereas at 10 43 eV the free path 

MEj ) increases sharply due to the threshold nature of the reaction 
owing to which gamma rays interact only with the Wien "tall" photons of 

Id Q D T M 1 > J.i. A u, « a A a <S 1 . J . _ . _ 


MBR. In the latter case a simple dependence of 
/ 1 . 2 /: . 


A on Ej takes place 


+ e V Mp< 


(1) 


V,“ ™ c VkTo E# . At Ej changing In the range (0.7+1. 4)* 

•10 eV , A changes in a wide range 10+10* Mpc. In Eq.(l), however, 
the evolution of MBR Is not taken Into account, whereas It becomes es- 
sential for R ^ 100 Mpc. The evolution of the MBR In the Big-Bang model 
being considered, the optical depth f with respect to pair production 
Is expressed in the form /2/: 
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r. 2 (KT „) 3 .riA-ri'tf 

t(f ') = TO SgyiTQi: V € 


( 2 ) 


where 


9 


(t Y 3 

Z 0 

( dx 

(j. + z o) 

)( i»x)VI^E7j 


To =2.7 K is the present value of MBR temperature, E a is the energy of 
detected gamma rays, H 0 is the Hubble constant, z 0 is the cosmological 
redshift of the gamma-ray source, and Sl=j>/pcr = &-rrGp/3H 0 z . The 
accuracy of Eq.(2) is acceptable if v[i- (i+ *o)“ 2 ] > 3 • Since ob- 

servable spectrum of gamma rays N(E 4 ) is related to initial gamma-ray 
spectrum of the source N 0 (E^ ) by equation N = N c -exp In the 

energy range of E* , when / t(E^) *»1, a sharp cutoff of the spectrum 
N(Ej ) should be expected. Eqs.(l) and (2) correspond to Planckian dis- 
tribution of MBR. Meanwhile, the reliable data which are in good agree- 
ment with this distribution correspond only to Rayleigh-Jeans part of 
the spectrum. Moreover, for submillimeter wavelengths there are intense- 
ly discussed in literature possible deviations of MBR from Planckian 
distribution, particularly due to comptonization of MBR /3/. The analy- 
sis performed by Field and Perrenod /4/ indicates that current observat- 
ional data do not contradict the comptonization parameter y ^ 0.05. The 
deviations of MBR from Planckian distribution (y=0) may lead to notice- 
able shift of expected cutoff energy E c , determined by equation 
^(Ec ) = 1. 

Thus, cutoff energy E c of the spectrum N/N 0 is defined by the dis- 
tance R from the source, by the spectrum of MBR in submillimeter range, 
and by the character of MBR evolution in time. Therefore there Is a 
unique opportunity to solve a number of urgent cosmological problems /2/. 


i) Probing of subminimeter range of MBR spectrum. 

The distance R to the gamma-ray source with z 0 c< 1 being known, the 
optical depth f depends mainly on MBR spectrum at submillimeter wave- 
lengths. In Fig.l the spectra N/N 0 expected from a source at the dis- 
tance R=5 Mpc (corresponding to distance of the nearest radiogalaxy 
Ceri A) are plottea. Comptonization parameter y changes from 0 to 0.05, 
the cutoff energy E c shifts down from 1.4 • 10 w eV to 8 *10 i3 eV. It can 
be seen from the figure that to obtain the comptonization parameter with 
accuracy of Ay = 0.01 the energy resolution of a detector should be 
« 10 %. 

i i ) QSQ dist a nce ranging. 

Though most of astronomers are in agreement that the redshifts of 
QSOs have a cosmological origin, there is not yet a final refutation of 
the arguments brought in favour of the local placement of these surpris- 
ing objects (see, e.g. /5/). Above we have discussed the possibility to 
probe the submillimeter range of the MBR spectrum observing the sources 
at well-known distances R. Supposing now that the spectrum of MBR is es- 
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tablished with sufficient accuracy, it would be possible to carry out 
model -independent estimations of the distances to the extraoalactic 
sources: R = >(E C ). To prove unambiguously the cosmological origin of 
QSOs, it would be enough to observe even one QSO spectrum with cutoff 
in the range E c lO^eV. Precise measurements of R Is however a more 
complicated problem. For example, to determine the value of R with ac- 
curacy of — -50% the energy resolution of detectors should be s£ 535. 
Moreover, when carrying out precise spectrometrlc measurements, it 
should be taken into account that the secondary gamma rays produced at 
development of relativistic electromagnetic cascade in MBR field may 
result in deviations of observed spectrum from the law N/N e = exp (-tr). 
This is illustrated in Fig. 2 where the spectrum of gamma rays which is 
formed at R=100 Mpc from a source is shown. Numerical calculations have 
been performed by Monte-Carlo simulation in accordance with /6/. As one 
can see from the figure, the cutoff region is somewhat "smeared" around 
the value of E c expected from the condition a(E c )=100 Mpc. It should 
be noted, however, that the deflections of secondary electrons in mao- 
netic field being taken into account, a detector with angular resolution 
A 6 ~ 5 will not be sensitive to the photons of the electromagnetic 
cascade, if H >3 ■ 10~ 9 G. 




Provided the cosmological origin of redshifts of QSOs, it will be 
possible to measure Hubble constant for distances R 3*100 Mpc. In Fig. 3 
the spectra expected from a gamma -ray source with z 0 =0.025, correspond- 
ing to R =100 Mpc (H 0 =75 km/s Mpc) or to R=150 Mpc (H 0 =50 km/s Mpc), 
are given. For the choice of H 0 from these two values, the energy reso- 
lution of a detector should be not worse than 5%. For realization of 
above mentioned problems most suitable objects seem to be nearest QSOs 
3C 273 (z 0 =0.158) and 0241+622 (z 0 =0.043), for which the effects of 
MBR evolution are not so significant. 
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ill) Probing of MBR in remote epochs. 


The observations of UHEGR from distant QSOs with z 0 » 1 will give 
unique information on MBR in remote epochs. Since according to the model 
of hot expanding Universe both temperature of MBR and energy of gamma 
rays were (l+z 0 ) times as great as the detected ones, expected cutoffs 
will be (l+z 0 ) a times shifted towards smaller energies. In the case of 
Planckian distribution this follows directly from Eq. ( 2) . In Fig. 4 it is 
seen that for different z 0 the cutoffs should be expected in the wide 
energy range 10 “-j-lO^eV (solid curves). In the absence of MBR evolution 
in time the spectra will be cut off near E.~7 • lO^eV (dotted curve). 
Since possible deviations of MBR spectrum from Planckian distribution 
and uncertainties of H 0 cannot result in substantial changes of E c from 
the law E c <x(l+z 0 )* 2 , the observations of QSOs with z 0 ^l may give unam- 
biguous information on presence or absence of MBR evolution in time. Ob- 
viously, for these observations it is not necessary to have high energy 
resolution of detectors. 


In conclusion, it should be noted that correlated observations 

will enable one to establish unambiguously the nature of cutoffs expect- 
ed in UHEGR spectra of QSOs and AGN: whether these cutoffs are related 
to the absorption in MBR or they simply reflect the peculiarities in the 
spectra of parent accelerated protons. Theoretically expected fluxes of 
high-energy gamma rays and neutrino from QSOs and AGN allow us to hope 
that the considered possibilities can be realized (at least partially) 
in the near future. 


/!/ Gould R.J., Schreder G.P. ,Phys.Rev., 1967, 155 , 140. 

/2/ Aharonian F.A., Atoyan A.M., Preprint, 1985. 

/3/ Zeldovich Ya.B., Sunyaev R.A. , Ap.Sp.Sci . , 1969, 4, 285. 
/ 4/ Field G.B., Perrenod S.C. , Ap.J., 1977, 215, 717. 

/5/ Burbidge G. , in: Objects of High Redshift, 1980, p.99. 
/€/ Aharonian F.A. et al. , Ap.Sp.Sci., 1985 (in press). 
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I. Oaroma-emiasion from young supernova remnants . Suppose 
that inside a young (with an age t s i IO’s) remnant of mass M ~ 
■v I ft* Which is expanding at a velocity u *vio^ /s there exists 
a CR (proton) source with a power L cr and a damping time T » 
>>I0's. Such a source of accelerated particles may be a pulsar 
or turbulence inside the remnant itself. Generation of various 
emissions in young remnants was discussed in /I-5/. Undergoing 
nuclear interactions in a remnant, protons generate secondary 
particles (electrons, positrons, -photons and neutrinos) 
through % -meson decays. 

Let protons with a spectrum 

<*> 

be injected into a remnant (or accelerate inside it). Here E 
is the kinetic energy of a proton; we assume below E o =0.4 GeV. 
The secondary % -emission that occurs in this case freely le- 
aves the remnant if its thickness is smaller than the radiati- 
on length x ra a (63 g/cm 2 for a hydrogen medium, 93 g/cm 2 for a 
helium medium). This condition is fulfilled if the remnant age 

Mate)*- 


> 
■a<\ 1 


The emission occurring in** iU 2/ decays i? effectively gene- 
rated while. the matter thickness passed by the relativistic 
proton before it leaves the remnant is suffucuently large* 

, where t N oc\n p Z r9 ~ 70 g/cm 2 , ^ ^ ™-26__2 

4 no 1 set 1 J j_ j . . 


the inelastic pp interaction cross-section. If protons stay 
in the remnant for a time T*t s , the thickness passed by them 
is more than the nuclear thickness, i n the case 

(for more details see /I/) * The total number of secondary Y - 
photons emitted by the remnant for the time t N for the proton 
spectrum (I) turns out to be equal to 


^ 3 10' 


cm is 
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a/j (£7 > 100 - ~f.i ( in ) ' 4 ’ 

Here dL ^ 0.5 is the fraction of energy kept by the nucleon 
after collision; the quantity in brackets is the total number 
of protons injected into the remnant; the values of are 

tabulated below for different (inclusive ir t -meson genera- 

tion cross-sections are used) t 




2.1 

0.24 


2.2 

0.22 


2.3 

0.20 


2.4 

0.19 


2.5 

0.17 


2.6 

0.16 


For the luminosity of the remnant and for a photon flux 
from it we obtain from (4) {2.1 ^ ^ * 2.6; R is the distance 

to the source) t 


Hf[£ x >AOOM)^(i^ : 2,t)'\O ko [LcJ lo '‘rf/sjs', 
1^* lODMcV)- 46 to (/- cc I 10 &'$!$ )( 


(5) 
Chi* V* 


Thus, for 
Galaxy (R 
from t 


L cr 


I0 38 erg/s 


10 Kpc) 
v I to ti 


a young supernova remnant in the 
is a detectable )( -source in the interval 
^ ~ x to t N ~ 5 months after a flare. An account taken 
of the electron component increases the flux (5). 

Note that if such remnants are main sources of galactic 
CR, the required value of L cr , depending on the value of adi- 
abatic CR energy losses varies from L cr ^ ICT^erg/sec i n the 
model /I/ to Lcr ^ 5 I0 4l erg/sec in the model /4/ (it is also 
noted in /4/ that young remnants can also be the main sources 
of antiprotons observed in CR) . For L cr I0 43 erg/s the dis- 
cussed \ -emission could be registered by detectors of the ty- 
pe of those planned for the GRO station in the case of flares 
in other galaxies. 

2. Annihilation line . Positrons which occur in a rem- 
nant under ir + meson decays are decelerated (outside the ac- 
celeration region), annihilate and give the line E y ** 0.5II 
MeV. 1 

For the remnant age t s exceeding the recombination time 
t r = 3.4 10 s the longest positron deceleration stage is the 
process of ionization losses from the critical energy E c (de- 
termined in the cascade theory) to the nonrelativistic energy. 
In this case - *= b $e 2 MeV/g.cm“ . The thicknes within 

which there occurs deceleration is x^, = E c /b . The respective 
age of the remnant for which the positron decelerates down to 
the nonrelativistic energy is given by (for a hydrogen rem- 


nant E 0 = 350 MeV, for a helium remnant 


E c = 250 MeV ) t 




( 6 ) 
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A nonrelativistic positron annihilates more rapidly. 
A positron decelerated by.. the moment 


{tA&i V u 


^ Be ) 


10 25 cm 


(7) 

2 


annihilates within the remnant* Here Z> c - Trr/“2.5 
N^=6 10^3. Hence, the effective emission annihilation lasts 
from t I to ^^3 months. The total number of annihilation 
photons emitted for this period is described by a formula ana- 


logous to (4) (if 1 . 


tr r 


T . 2 ) t 


^(£, = 0,S-iiAUV) - 2f w , (i-i 1 ' 1 )' 1 - jr, 


L 


Tjh-tr) (e) 


The estimate for the flux F^(E =0.5 MeV) coincides approxima- 
tely with (5) . 

The possibility to observe an annihilation line depends 
on the emission level in a continuum which is created by se- 
condary positrons and electrons in the remnant. (It can be 
easily estimated that if all primary and secondary CR do not 
leave the remnant, the generation power e~e* of the compo- 
nent is about L cr /6 and the annihilation line takes up 2 10 
Lcr. A further calculation of the background near E =0.5lIMiiV 
depends on the values of the magnetic field and of the ther- 
mal radiation density in the remnant). If, however, the whole 
remnant is involved in the effective CR acceleration, the ener- 
gy losses of positrons may prove inessential and the estimate 
(8) will be largely overestimated. 

3. Emission of neutrinos . Decay of charged pions in a 
remnant causes generation of high-energy neutrinos. In this 
case 


I° 3 <VV 

Neutrino emission starts at the moment t^f) beginning from 
which pions with the Lorentz-factor P decay at the length of 
their free path (<?. <Tr is the cross-section of^N scattering, 
is ths lifetime of a resting pion) t 


2.2 

94.6 


2.3 

69.8 


2.4 

51.9 


2.5 

38.1 


2.6 

29.7 


2.7 

22.8 


2.8 

17.7 


(9) 

2.9. 3.0 

13.8 10.9 




feVUrrC 


4 7rm r 


£nr\ 
u 3 / 


i/S i/» 2 

l 


m \ v V\r * 


( 10 ) 


The bright phase ends at t s *-t N . 

To detect neutrinos, it is convenient to use muon pro- 
duction in the reactions + N-j^+X underground around the 
underground muon detector. At >, 30-50 GeV the muon keeps 
the direction of the parent neutrino, which indicates the di- 
rection to the source. Transparency of the Earth for neutrino 
with E y =I0-I0 3 0ev makes it possible to eliminate the backgro- 
und of atmospheric muons. 

The number of muons which are produced by interaction bet- 
ween neutrinos and ground nuclei and which passed through a de- 
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tector of area S for the time t N is equal to (the inclusive 
cross-sections ♦ N-**/* +}C are used in the calculations, the 
values J<f(E) are tabulated) * %(>£,> (iO WR)M 4 r /' 0 ^ W*)‘ 


Ej*. 



•(.S/lODm 2 } - lt N /L0*S) 


0 (II) 

GeV i 

2.1 

2.2 

2.3 2.4 

2.5 

2.6 

30 

40 

21 

8.8 3.5 

1.4 

0.54 

100 

36 

19 

7.7 2.9 

I.I 

0.41 

1000 

22 

10 

3.7 1.3 

0.41 

0.14 


Thus, the existing underground muon detectors (£=125 m 2 ') 
can register high-energy neutrinos from a young SN remnant in 
our Galaxy for L cr >, I0 TC erg/s. 

4. The CR origin and X -emission from Magellanic Clouds . The 
gamma-astronomical data make it possible to establish the CR 
intensity gradient in the Galaxy. But the available results 
are contradictory /7,8/. if, according to /!/, in the gamma- 
range of 300 Mev<g< 5 GeV the radiative capacity is really 
constant up to the distances R ~20 Kpc from the galactic cen- 
tre, the CR halo must be very large. Then a rather effective 
reflection of CR would occur at the halo boundaries (CR are 
now assumed to go_freely out of the halo /9/) . The results of 
/!/ conform to the metagalactic model of the origin of the CR 
proton-nuclear component. We believe, as before, /IO/ that 
metagalactic models are improbable ithis does not refer to CR 
with a very high energy E%, IO-IO 1 eV) . Metagalactic models 
can be verified by measuring gamma-luminosity from Magellanic 
Clouds /It, 4/, The most reliable and weakly depending on dif- 
ferent assumptions is in this case the measurement o f F /£ 
the ratio of gamma-luminosities of the Small and Large Maigel- 
lanic Clouds, say, for Ej>100 MeV. In metagalactic models A = 
=0.56-0.68 depending on the value of the mass of the Clouds 
used /4/. Respective measurements can be carried out only 
with the help of the next generation of gamma -telescopes. 
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ABSTRACT 

The recent improvement of the calibration of the galaxy 
counts used as an interstellar-absorption tracer modifies 
significantly the picture of the local interstellar medium 
(ISM). Consequently, previous analyses of the 7 -ray 
emission from the local ISM involving galaxy counts have to 
be revised. In this paper, we consider the implications 
regarding the cosmic-ray (CR) density in the local ISM, and 
in particular within Loop I , a nearby supernova remnant 
(SNR). 

1. Introduction Since the initial proposal of Puget ef ai. (1) to use 
interstellar absorption as a total-gas tracer , galaxy counts have been widely 
adopted to predict the interstellar 7 -ray emission (2,3, 4, 5). However, all 
these analyses rely on the uniformity of the gas to dust ratio, which has been 
often questionned (6,7,8), casting some doubt on the validity of galaxy 
counts used as gas tracer, principally in the Oph-Sag region of the sky, where 
extremely large gas column-densities are suggested by galaxy counts. The 
7 -ray fluxes observed in that region would indicate even larger column 
densities? however, it has been argued that these high 7 -ray fluxes are due to 
an enhancement of the CR intensity within the Loop I (North Polar Spur) SNR 
(9,10). Moreover, Lebrun (11) shown that the gas density in Oph-Sag cannot be 
as high as indicated by both galaxy counts and 7 -ray data. He suggested that 
the low galaxy counts in Oph-Sag results from a degradation of the 
detectability of faint galaxies, due to a high field-star density rather than 
overabundant dust, and he proposed to attribute the 7 -ray excess to Loop I. 
Recently, Lebrun (12) demonstrated that indeed, the detectability of galaxies 
depends strongly on the star density and that such an effect is strongest in 
Oph-Sag. In the following, we aim to investigate the implications of this 
finding on the interpretation of the locally produced diffuse 7 -ray emission. 

2. The data Our analysis uses the celestial 7 -ray intensity 1^, and the total 

gas column-density N , derived from galaxy counts. We basically follow the 

H 

method described in our previous paper (13), with the two exceptions that the 
galaxy counts are now corrected for the effect of field stars ( 12 ), and that 
the angular resolution of the- 7 -ray telescope is taken into account. 
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The 7 -ray intensity in two energy ranges (35<E <100 MeV ana 

7 

E_^>100 MeV), was derived from the SAS-2 data base (14), taking into account 
the instrumental energy response [for details see ref. (13)]. The value of N. 


H 


was estimated via the interstellar absorption derived from the Lick galaxy 
counts (15) assuming N 
corrected galaxy counts. 


counts (15) assuming Ng=2.9xl0 21 log(50/Ng) atom cm* 2 , where N g are the 


3. Comparison of -x-ray flux and gas column density a relation of the form 
I =(q/4ir)N H +Ig was assumed, and the expected counts were obtained by 
convolving the quantity ExI with the angular response of SAS-2 (E is the sky 
exposure). In order to determine q and I for each energy range, a maximum 
likelihood method was applied on 25 sq. deg. bins [for details see ref. (4) 
and (13)]. The analysis has been restricted to galactic latitude |z>|>10 deg.; 
The resulting q and I values are given in Table 1. 

B 

Table 1 


Energy range (MeV) 

35-100 

>100 

(All sky) 

, -26 -1 - 1 . 
q/4rr (10 s sr ) 

_K _1 _1 

Ig (10 s sr x ) 

3.60±0.33 

9.70±0.56 

1 . 84±0 . 15 
1 . 92±0 • 21 

(Loop I only) 
q/ 47 r (10 26 s 1 sr 1 ) 
I Q (10 5 s 1 sr -1 ) 

6 . 2211.00 

11.211.72 

2.0610.29 

2.3310.41 

(Remaining sky) 
q/ 47 r (10 26 s 1 sr 1 ) 
Ig (10 5 s 1 sr~ 1 ) 

2.2910.31 

9.3010.56 

1 . 67±0 . 16 
1 . 78±0 . 21 


This analysis give the opportunity to map the regions of the sky where the 

observed 7 -ray intensity I 0bS differs from the expected one: 
exp 7 

I =(q/4jr)N +1 . For each sky bin, we have computed in both energy ranges the 

7 H B 

. . A ods exp 

excess intensity AI^=I^ -I . Figure 1 gives, for each energy range, a map 
of the excess significance. 




Figure 1. Galactic maps of the statistical significance S of the 7-ray 
intensity excess Al (see text). The four tones of grey, from light to dark, 
refer respectively 7 to S<lcr, la<S<2a, 2cr<S<3a, S>3a. Blank denotes regions 
not used. Upper map: 35<E^<100 MeV; lower map: E^>100 MeV. 

4. Discussion Our analysis does not modify the well admitted agreement 
between the predicted emission from total gas and the observed 7-ray 
intensity. However, the bins where the observed 7-ray flux are significantly 
in excess with respect to the relation I^=(q/47r)N H +I B derived over the whole 
sky, seem to concentrate, particularly at low energy, in a wide region, which 


also contains the most prominent radio feature associated with Loop I. 
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In order to substantiate this impression, we have repeted our 
analysis in two distinct regions in the sky: (i) a roughly circular zone, of 
70 deg. radius, coinciding with the radio profile of Loop I (16), and (ii) the 
remaining sky. The resulting q and I values are given in Table 1. The most 

B 

striking result is the very large and significant (-3.7a) difference between 
the 7-ray emissivities q, measured inside and outside Loop I at low energy 
(35-100 MeV). At higher energies, the effect is only marginal. It should be 
noted that this difference in emissivity is not accompanied by a variation of 
the background estimates which are almost identical. 

A similar 7-ray excess has been reported in the COS-B data 
( Ey>7 0 MeV), for -^<50 deg. and b> 10 deg. (5,17), but with no counterpart for 
b<-10 deg. and still clearly visible beyond 300 MeV. On the other hand, our 
result is qualitatively in agreement with that obtained by Bhat et al. (10), 
using the same 7-ray data base. We feel that a more detailed study of the 
structure of the excess, involving in particular the COS-B survey, is 
required to firmly confirm the rather attractive possibility of an enhanced 
CR intensity within the Loop I SNR, but this runs out the limitations of the 
present paper. However, it should be clear that the average 7-ray emissivity 
in the solar neighbourhood (2,4,5,13,17), and the inferred CR spectra 
(4,13,18) appear now rather meaningless, since significant variations are 
present. 
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1. Introduction. Various studies of the high-energy (£50 MeV) gamma- 
ray observations obtained by the SAS-2 and COS-B satellites have 
indicated that the major part of the galactic gamma— ray emission should 
most probably be attributed to cosmic-ray-matter interactions in the 
interstellar medium. Correlation studies between the observed distribu- 
tions of the gamma-ray intensity and the interstellar gas density 
therefore give insight into the distribution of cosmic-ray (CR) particles 
throughout the Galaxy (see e.g. Bloemen et al., 0G3.1-6). An additional 
contribution to the observed diffuse gamma-ray emission, however, 
originates from the interaction of CR electrons with interstellar photons 
through the inverse-Compton (IC) process. Several authors have studied 
this component (e.g. Cowsik and Voges, 1974; Shukla and Paul, 1976; 
Piccinotti and Bignami, 1976; Bignami and Piccinotti, 1977; Kniffen and 
Fichtel , 1981), but the uncertainties were large since only limited 

information on the interstellar photon field throughout the Galaxy was 
available. Most works showed the IC contribution to be small (particular- 
ly outside the very central region of the Galaxy), but Kniffen and 

Fichtel (1981) concluded from the most detailed analysis until now that 
the IC radiation may account for a significant part of the observed 
gamma-ray emission from the inner Galaxy. 

Compton gamma rays with energies > 1 MeV largely result from 

scattering between electrons, with energies >100 MeV, and photons in the 
optical and infrared range and the 2.7 K universal blackbody radiation. 
This paper presents an empirical model of the IC gamma— ray production 
in the Galaxy, using the most recent estimate of the interstellar 

electron spectrum given by Webber (1983) and a combination of optical and 
infrared observations to determine the galactic distribution of the 

various components of the interstellar photon field. Compared to previous 
works, the present analysis has a significantly improved precision since 
the spectral distribution of the IC source function as well as that of 
the . interstellar photon field are more accurately taken into account. In 
addition, the exact evaluation of the IC process is applied and different 
electron distribution models are considered. A detailed description of 
the work is given by Bloemen (1985). 

2. The source function of the IC process. The general evaluation of 
the IC mechanism (based on the exact Compton cross section; Klein— Nishina 
formula), as discussed by e.g. Blumenthal and Gould (1970), is applied. 
The generally applied Thomson approximation is not appropriate, because 
it leads to serious overestimation of the gamma-ray production above 
-100 MeV for a large part of the photon field (Schickeiser, 1979) and 
because the electron spectrum shows a continuous steepening with increa- 
sing energy, that cannot accurately be taken into account in the Thomson 
limit. The volume emissivity S of gamma rays with energy E y produced by 
IC scattering of electrons and target photons with energy e and energy 
density u(£,r), at position r in the Galaxy, is given by 
°° 

S(Ey,r) = / s(Ey,e,r) u(e,r)de (ph cm -3 s -1 MeV -1 ), 


( 1 ) 
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Figure 1: The local interstellar electron 
spectrum used in the present analysis 
(thick line), taken from the review of 
Webber (1983). The thin lines indicate 
electron spectra used in previous IC 
studies: (1) Shukla and Paul (1976), 

(2) Piccinotti and Bignami (1976), 

(3) Kniffen and Fichtel (1981), and 

(4) Fichtel and Kniffen (1984). 


Figure 2: The differential local IC 

gamma- ray source functions as a function 
of gamma- ray energy for selected 
wavelengths of the target interstellar 
radiation field (E y 2 in MeV 2 ). 


where s is the IC source function, depending on the CR electron spectrum. 
The local electron spectrum is taken from the review of Webber (1983) 
(Figure 1). Figure 2 presents the resultant IC source function for some 
selected wavelengths of the interstellar radiation field. The IC 
production of gamma rays above ~50 MeV, on which this analysis is 
concentrated, is entirely due to electrons with energy E > 1 GeV (and for 
the far- infrared target photons only to electrons with E > 10 GeV). 
Therefore, the uncertainties in the electron spectrum below -400 MeV 
are of only minor importance. 

Only very little is known about the variation of the spectral 
distribution of electrons with position in our Galaxy nor in other 
Galaxies. There are no strong indications for large-scale variations of 
the spectral shape from low-frequency radio observations, but these 
observations are restricted to the low-energy part of the electron 
spectrum. For the high-energy part, synchrotron and IC losses, which vary 
throughout the Galaxy, may produce spectral differences. It is assumed in 
this paper that the spectral shape does not strongly vary throughout the 
Galaxy. On this assumption, large-scale variations of the CR. electron 
density in the Galaxy can be accounted for by an absolute scaling of the 
local electron spectrum, and the same scaling applies then to the IC 
source function. 


3. The interstellar photon field. The interstellar radiation field from 
the UV to the mm range can be thought of as being composed of three 
components, each governing different parts of the spectrum. The UV , 
optical, and near-infrared ranges of the spectrum (0.1 y m< X£ 8 y m) are 
dominated by direct stellar emission. The emission in the mid- and far- 
infrared region (X > 8 ym, up to wavelengths in the submm range) is nearly 
entirely from dust grains. The third component is the 2.7 K universal 
blackbody background at an average wavelength of -2 mm, with an energy 
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Table 1: Total IC emissivities at characteristic locations in the Galaxy. The electron 
spectrum is assumed to be equal to the local spectrum at each position (see Section 4). 


E(MeV) 

z(kpc) 

S (photon cm 

3 s 1 MeV ') 




K = 3 kpc 

R — 5 kpc 

R = 8 kpc 

R = 10 kpc 

R= 13 kpc 

1 

1.0 


4.8 10 2S 


2.6 10 25 



0.5 


6.5 10 25 


2.8 10 25 



0 

7.2 10 2S 

1.2 10 24 

5.9 10 2S 

3.5 10 25 

2.3 10 25 

10 

1.0 


6.3 10 27 


2.6 10' 27 



0.5 


9.3 10 27 


3.0 10 27 



0 

1.0 10 28 

1.6 10 2,1 

7.3 10 27 

4.0 10' 27 

2.2 10 27 

100 

1.0 


6.7 10 29 


2.3 10 29 



0.5 


1.0 10 28 


2.8 10' 29 



0 

l.l 10 28 

1.7 10 28 

6.9 10 29 

3.8 10 29 

. 2.0 10 29 

1000 

1.0 


5.7 10 31 


1.9 10 31 



0.5 


9.2 10 11 


2.3 10 31 



0 

9.5 10 31 

1.4 10 30 

5.6 10 31 

3.1 10' 31 

1.7 10 31 


density of ~0.25 eV cn For the first two components, the energy 
densities were derived by empirical modelling of the interstellar photon 
field throughout the Galaxy, as described by Bloemen (1985), based 
on the work of Mezger et al. (1982) and Mathis et al. (1983). The dust 
absorption is taken into account. 

4. IC gamma— ray emissivities and comparison with observations. 

Following equation (1), the galactic distribution of the IC volume- 
emissivity spectrum has been determined. Table 1 presents the IC 
emissivities for some characteristic locations and gamma-ray energies. At 
each position the electron spectrum is adopted to be equal to the local 
spectrum; scaling is required (Section 2), depending on the actual 
electron density distribution. 

Various analyses of the low-frequency radio surveys indicate a scale 
height for the synchrotron volume emissivity of typically 0.5-1 kpc in 
the inner Galaxy (but significantly higher in the outer Galaxy) and a 
radial scale length of -4 kpc (e.g. Baldwin, 1976; Brindle et al., 
1978; Phillipps et al., 1981; Beuermann et al., 1985). Since the corres- 
ponding electron distributions are uncertain, three simple electron 
distribution models have been considered to investigate the impact of 
these uncertainties on the predicted IC intensity distributions, namely: 

(a) w(R, z) - e“ z / z o (z Q = 750 pc) 

(b) w(R , z) - 1 for |s| < 1 kpc and w(R,z) « 0 for |z | > 1 kpc 

(c) w(R,z) * (l+(R 0 -R)/5)e” z / z o (z 0 * 750 kpc; R 0 = 10 kpc), 

where w describes the galactic distribution of the electron density 
relative to the local (R - 10 kpc, z = 0) density. The electron density 
outside 15 kpc was adopted to be zero. The linear increase towards the 
galactic centre in case (c) was chosen as a most simple description of a 
GR gradient with a density at R = 5 kpc that is ~2 times larger than in 
solar vicinity, as indicated by the radio observations mentioned above 
and also by the gamma-ray observations (e.g. Bloemen, OG 3.1-6). 

Figure 3 presents longitude and latitude distributions of the 
predicted IC intensities, for the three electron distribution models, and 
of the COS-B observations, for three different gamma-ray energy ranges. 
In the galactic plane, the IC contribution to the observed intensities 
for the three energy ranges does not in general exceed 5% for the 
different electron models considered. At medium latitudes (|b| s 15°) the 
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Figure 3: Longitude and latitude profiles 
of the predicted IC gamma- ray intensities 
and the COS-B observations (1 a statisti- 
cal error bars). The thin horizontal 
lines indicate the zero level. The IC 
intensities are shown for three electron 
distribution models (see Section 4): 
thick full line, model (a); thin dotted 
line, model (b); thick dotted line, model 
(c). In some figures the individual 
curves are hardly visible, indicating the 
minor differences compared to the 
observed intensities. 


IC contribution is higher due to the large scale height of the IC emis- 
sion compared to that of the gamma-ray emission from CR-matter inter- 
actions, but remains still less than -10%. The IC contribution in the 
inner Galaxy is probably even smaller than estimated above due to the 
effect of the IC production on the CR electron spectrum (i.e. a 
steepening of the high-energy part of electron spectrum due to Compton 
losses). For the outer Galaxy the IC intensities are negligible. 

The IC gamma-ray luminosity of the Galaxy above 100 MeV is found to 
be in the range ( 1 . 0-1 .5 )xl0^ ph s”^ for all three electron distribution 
models, which is an order of magnitude smaller than the gamma-ray 
luminosity of the CR-matter interactions. 
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ABSTRACT 

The final COS-B database has been used to study the gamma-ray emission in the 
latitude range 10° < |6| < 20° in terms of a four component model. The emissivity 
spectrum of the local interstellar medium is derived and compared with that found 
in previous studies. The intensity of the inverse- Compton component is determined 
from the fitting procedure and is in good agreement with theoretical values. 

1. INTRODUCTION The gamma-ray emission from the galaxy in the in- 
termediate latitude range 10° < |6| < 20° has been the subject of several studies 
(Lebrun et al. 1982, Strong et al. 1982, Strong 1985a ). This region is important in 
understanding the nature of the local emission and as a guide to the interpretation 
of the larger scale emission. We present here results using the final COS-B data- 
base (Mayer-Hasselwander et al. this conf. OG9.3-8) combined into skymaps using 
the parameters derived by Strong et al. (this conf. OG9.3-9). The final database 
includes a significant amount of additional information from the last 10 observa- 
tion periods, not previously used. The data are analysed using the 4-component 
model described by Strong (1985a) and the information matrix technique of Strong 
(1985b); the reader is referred to these papers for more details. 

2. MODEL AND RESULTS The model includes emission from atomic and 
molecular hydrogen, inverse Compton emission and an isotropic background (in- 
strumental and celestial). The atomic hydrogen column density is derived from 
21-cm surveys, and the molecular hydrogen column density is estimated using both 
galaxy counts and 21-cm data. The surveys and their use are described in Strong 
(1985a). The four parameters of the model are: q\ (emissivity of atomic hydrogen), 
q <2 (emissivity of molecular hydrogen), f JC s (a dimensionless scaling factor for the 
inverse Compton component) and 1% (the ‘on- axis ’background level) .The result of 
a likelihood analysis of a multivariate problem of this kind can be concisely sum- 
marized in the form of the diagonalized ‘information matrix’Q. In this formulation 
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the log likelihood function L is given by 

l = l 0 + ^2 a,-*? 

with 

x % — X] 

Here L 0 is the maximum of L , A, are the eigenvalues of the information matrix 
and i?; are the deviations of the parameters from their maximum- likelihood va- 
lues.The n-dimensional confidence region for the parameters is thereby completely 
specified, and confidence regions for subsets of parameters can be computed using 
Q as described in Strong (1985b). Table 1 gives the maximum-likelihood values of 
the parameters, Q and A,- for the three energy ranges considered (70-150, 150-300 
and 300-5000 MeV). The 1-parameter errors (1 <t, A L = 0.5) derived from Q are 
given. The model fit to the total energy range 70-5000 MeV is shown in Fig 1. 

(a) MAXIMUM LIKELIHOOD PARAMETERS OF THE MODEL 


ENERGY RANGE 


q1/4ff 


q2/4ir 


ICS 



-26 -1 -1 



-2 - 

-1 - 

-1 


10 sr s 

10 % 

cm sr 

s 


70- 150 MeV 1.10 

±.14 0.96 ±.22 

7.16 

±.27 


1 .32 ±.39 

150— 300 0.76 

.09 0.49 .12 

2.51 

.17 


1.31 .57 

300-5000 0.68 

.09 0.405 .10 

2.19 

.15 


0.60 .52 

(b) INFORMATION MATRICES: Eigenvectors ( * 

100) 




70-150 MeV 

150-300 MeV 



300-5000 MeV 

-01 45 29 -84 

-01 46 24 -85 



00 

49 

27 -83 

-39 23 -87 -18 

-15 14 -96 -20 



-14 

11 

-95 -25 

-22 -86 -02 -46 

-09 -87 -01 -48 



-10 - 

-86 

04 -49 

89 -11 -38 -20 

98 -05 -14 -09 



99 - 

-07 

-13 -09 


Eigenvalues (units as in (a)) 

2.69 5.93 27.90 245.3 :1.53 15.48 69.44 613.9: 1.84 18.43 90.74 710 


TABLE 1. Results of likelihood analysis for the 4-component model 

3. DISCUSSION The results of the fitting are quite consistent with those given 
in Strong (1985a), and with the improved statistics the resulting errors are smaller. 
Note that the uncertainty in fics is now included in the error estimates of all the 
parameters. The value for fics found here is consistent with that expected (1.0) 
for the model described in Strong (1985a), and in fact it is remarkable that the 
ICS component can now be determined with reasonable accuracy by this method. 
The overall fits are a noticeable improvement over Strong et al. (1982), and give 
confidence in the reliability of the fitted parameters. 

The main result of this analysis is the determination of the emissivity spectrum 
associated with atomic hydrogen (g i); since the 21-cm HI column densities are 
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reliable and since q x is not strongly coupled to other parameters of the model, this 
emissivity spectrum can be used with confidence. Comparing with an analysis of 
the large- scale emission using HI and CO data (Bloemen et al., this conference, ) 
we find excellent agreement between q x and the average emissivity between 8 and 15 
kpc galactocentric distance. Since the two methods are quite independent, this adds 
further to our confidence in the reliabilty of this emissivity spectrum, of particular 
importance to analyses which attempt to interpret this spectrum in terms of a sum 
of jr°-decay and bremsstrahlung emission (see eg. Gualandris and Strong 1984, and 
Strong, this conference, OG3.1-7) 

As noted in the previous studies, the gamma-ray data show an excess over the 
predicted intensity in the region 10° < b < 20°, 20° < l < 40°; more important, the 
North-South asymmetry seen in the gamma rays is not predicted by the gas or the 
inverse- Compton components. This excess is in spatial coincidence with the North 
Polar Spur, and it is plausible to attribute it to increased cosmic ray intensity there, 
since there is independent evidence from purely radio data for an enhancement of 
cosmic ray electrons (Heiles et al. 1980 derived a factor of 20 , which would be 
sufficient to give the observed effect). 

Apart from this region, the agreement of the observations with the model is about 
as good as could be expected, except in the region centred on / = 120° South of 
the plane, for which the observed intensities appear systematically low. In order 
to assess the origin of this effect, we checked on which COS-B observation periods 
contribute to this region; it is dominated by only one period, which has relatively 
small overlap for the determination of relative sensitivity (see Strong et al. this 
conference, OG9.3-9). The uncertainty in sensitivity would be sufficient to explain 
the effect and therefore the disagreement in this region is not a serious problem for 
the interpretation. 

In the region l > 240°, for which galaxy counts are not available, the emission 
from HI and ICS alone is sufficient to give the observed intensities South of the 
plane, but rather low North of the plane. We note that Feitzinger and Stiiwe (1984) 
have provided maps of the absorption in this longitude range based on star counts, 
and these indicate excess absorption North of the plane, consistent with the present 
results. 
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GALACTIC LONGITUDE (DEGREES) 

FIG 1 Longitude distribution of COS-B gamma-ray intensity for 10° < b < 20° 
and —20° < 6 < -10° compared to the predictions of the model described in the text. 
VERTICAL BARS: 1 o statistical limits on COS-B intensity, HORIZONTAL 
LINE: fitted on-axis background level, LOWER CONTINUOUS LINE: inverse 
Compton emission plus background, MIDDLE CONTINUOUS LINE:emission 
from atomic hydrogen plus background, TOP CONTINUOUS LINE : sum of 
atomic hydrogen, inverse Compton and background, HISTOGRAM : sum of all 
4 components 
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THE GALACTIC GAMMA-RAY DISTRIBUTION AND THE RADIAL COSMIC RAY GRADIENT 

A. K. Harding and F. W. Stecker 
NASA Goddard Space Flight Center 
Greenbelt , MD 20771 

ABSTRACT 

We have derived the radial distribution of gamma-ray emissivity and the 
cosmic ray intensity in the Galaxy using the final SAS-2 results, the 
recently corrected COS-B results, and recent CO surveys of the northern 
and southern galactic hemispheres. In addition to the "5 kpc ring" of 
enhanced emission, there is evidence for spiral features. We find a 
strong increase in the cosmic ray flux in the inner Galaxy, particularly 
in the 5 kpc region, in both halves of the plane. 

1. Introduction. Gamma-ray astronomy provides a powerful tool for 

studying ffie origin and distribution of cosmic radiation and for 
revealing the galactic structure (1). The y-ray emissivity in the 
galactic plane has a large maximum in a ring at about 5 kpc from the 
galactic center, related to the 5 kpc ring of giant molecular clouds in 
the Galaxy (2). Gamma-ray surveys can be used in conjunction with 

galactic surveys at other wavelengths to provide a "synoptic" approach 
to the problem of galactic structure (3). There is now information on 
the distribution of H 2 in the southern hemisphere (4,5). We make use of 
these new results, as well as SAS-2 y-ray data, and COS-B y-ray results, 
corrected for intrinsic background, to reexamine the galactic structure 
and galactic cosmic-ray gradient problems. 

2. Unfolding Method. We have used the technique of Puget and Stecker 
(6) to unfold both SAS-2 and COS-B longitude data. The SAS-2 data for 
energies > 100 MeV from Hartman et. al (7) are integrated over latitudes 
b _< 10° with a longitude resolution of 2.5°. Ref. 8 gives a COS-B 

- longitude profile for energies > 100 MeV with a background subtraction 
of 8 X 10~ 5 ph cm -2 s -1 sr" 1 above 70 MeV and a longitude resolution of 
2.5° for direct comparison with the SAS-2 profile. 

We assume cylindrical symmetry in each half of the galactic plane. 
Thus, the emissivity Q is only a function of galactocentric radius R. An 
outer galaxy flux contribution is determined by assuming a constant 
« value Q 0 = 1.1 X 10 -25 cm" 3 s' 1 (E > 100 MeV) and scale height h = 150 
pc between r_ = 8.5 kpc and r m = 14 kpc. The value of Q 0 = q <n H > was 
derived from a local y-ray production rate q = 1.9 X 10 25 s Ul for E > 
100 MeV (1), taking a local average H-atom density of <n H > = 0.6 cm -3 . 
* This gives approximately the flux levels observed in the anticenter 
direction. Our adopted value for q_ agrees with that recently derived 
by Bloemen et al. (9) to within ~ 15%. They obtain q Q (>100 MeV) =2.2 
x 10" 25 s" 1 (extrapolating from a lower energy of 70 MeV). The outer 
galaxy flux contribution as determined above, was subtracted from the 
total flux to obtain the inner galaxy flux used in the unfolding. 

3. Radial Emissivity Distributions. The radial distributions of y-ray 
emissivity for the SAS-2 and corrected COS-B data at energies > 100 MeV 
are plotted in Fig. 1. The appearance of negative emissivities in 
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several regions is caused by a 
breakdown of cylindrical sym- 
metry resulting from strong or 
local point sources and spiral 
structure. There is general 
agreement in the COS-B and 
SAS-2 emissivity distribut- 
ions, the dominant features 
being (A) peaks between 5 and 
6 kpc in the North and 4 and 5 
kpc in the South which deline- 
ate an asymmetric ring of 
emission and (B) a secondary 
peak of emission around 7.5 
kpc in the South, which is 
more pronounced in the COS-B 
data. The position and magni- 
tude of the peak near the 
galactic center are uncorr- 
ected for significant cont- 
ributions from local emission 
near £=0° in the latitude 
range b <10°. (see ref. 10). 
Figure 1 shows the radial 
emissivity distribution ob- 
tained from the COS-B flux 


Fig. 1. Gamma-ray surface emissivity as a function of galactocentri c 
radius in units of Rq = 10 kpc, derived from the SAS-2 and corrected 
COS-B data at energies greater than 100 MeV. The right hand scale shows 
the emissivities relative to the local value. 

after subtracting a small additional 0.2 X 10 -4 cm -2 s" 1 sr" 1 intrinsic 
instrumental background correction over that of Ref. 8. Recent 
reanalysis of the COS-B detector background has indicated that such a 
higher background correction level may be justified, although the 
precise amount of this correction is still uncertain (Mayer-Hassel wander, 
private comm.). Within the errors, this emmisivity distribution agrees 
with the SAS-2 emissivity, but the peak-to-local ratios are still lower. 


Our results on the COS-B radial distribution of > 100 MeV y-rays give an 
emissivity in the 5 kpc ring which is 4-5 times the local value. This 
is significantly larger than the ratio of 2-3 obtained in Ref. (8) from 
an unfolding of the same data set. The discrepancy may be explained by 
the fact that our assumed value of <n^> = 0.6 cm -3 (11) is lower than 
their assumed value of 1 cm -3 . A lower local emissivity gives a smaller 
flux contribution from the outer galaxy and therefore a larger remaining 
flux contribution from the inner galaxy. (We were in fact able to 
reproduce the results of ref. 8 by taking our local emissivity to be 
twice the value given in Section 2.) 

4. Cosmic Ray Distribution. The results presented in the previous 
section give distributions of the total y-ray emissivity in the 
Galaxy. This emission has two basic types of component: 1) diffuse 
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emission from cosmic rays interacting with gas or with a low energy 
radiation background, and 2) point source emission from pulsars, 
accreting compact objects, etc. The total point source contribution is 
uncertain, but estimates of the emission level from pulsars are in the 
range 15% - 20% or less and may be distributed like the diffuse emission 
(12) so that its effect does not distort the overall flux 
distribution. Therefore, information on the distribution of gas in the 
Galaxy can be used in conjunction with the y-ray emissivity to yield 
information on the galactic cosmic-ray distribution (e.g., ref. 13). 


The quantity, cl, the y-ray emissivity per H-atom, is derived from the 
observed y -ray Volume emissivity, total gas density, n TO j, and gas scale 
height, h^. We use here the recent CO survey results of ref. (5) which 
gives radial distributions of CO emission for the northern and southern 
galactic hemispheres and scale heights as a function of galactic 
radius. 
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Figure 2 shows the radial 
distribution of a ( > 100 MeV) 

derived using the SAS-2 and COS-B 
emissivities plotted in Fig. 1. 
If all they-ray emissivity were 
from diffuse processes, cl would 
be proportional to the density of 
— cosmic rays. Both the SAS-2 and 
v COS-B data show evidence for an 
t £ increase in the inner galaxy 
° relative to local values in both 
° the North and the South. The 
1 COS-B gradient, however, is 
■£. smaller than the SAS-2 gradient 
~ due to smaller COS-B emissivities 
'g in the inner Galaxy. We find no 
statistically significant 

° r variation of the emissivity per 
H-atom derived from the 0.3-5 
GeV COS-B data from the lower 
energy distribution plotted in 
Fig. 2, indicating that, at least 
in the inner Galaxy, cosmic-ray 
protons and electrons probably 
have the same radial distribution 
(14). 


Fig. 2. Emissivity per H atom above 100 MeV derived from the radial 
surface emissivity distributions shown in Fig 1. 


5. Discussion Of Results. Our results generally confirm the 
p'honomenology of the 5 kpc "Great Galactic Ring" and cosmic ray gradient 
derived earlier (1) and extend the ring phenomenology to the southern 
hemisphere region of the Milky Way. In addition, the southern galactic 
region gives evidence of more structure than the northern region does, 
in particular, the enhanced y-ray emission at a radial distance of 7 to 
8 kpc from the galactic center. Such emission is more evident in the 
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COS-B data than the SAS-2 data. The overall emissivity pattern is 
consistent with the spiral pattern suggested in ref. (15) based on the 
distribution of HII regions. These indications support the thesis that 
the galactic y-ray emission is associated with the youngest regions of 
star formation in the Galaxy (16). 

The E > 100 MeV data reveal evidence of a cosmic-ray gradient in the 
inner Y Galaxy on both the northern and southern hemisphere sides of the 
galactic disk. There is some evidence of this also in the highest 
energy COS-B data (14), which has the best angular resolution, and which 
may be the only spectral region clearly dominated by pi on decay y-rays 
( 1 ). 

• * 

The cosmic-ray gradient derived for both the northern and southern 
galactic hemispheres also appears to peak in the region of the Great 
Galactic Ring where the supernova and pulsar distributions also have a 
maximum. This naturally argues for a galactic origin of the bulk of the 
nucleonic cosmic y-rays, which have energies in the 1-10 GeV range. 
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RADIAL DISTRIBUTION OP COSMIC RAY INTENSITY 
IN THE GALAXY PROM GAMMA-RAY DATA 

A. Goned and A. Wahdan 

Physios Department, Faculty of Science, Ain Shams 
University, CAIRO, EGYPT 


ABSTRACT 

The radial distributions of Galactic T- ray 
emissivity and cosmic ray intensity are der- 
ived by unfolding the SAS2 line flux data. 

The results show a marked gradient, with the 
cosmic ray intensity in the region 3<R<7 kpc 
being 3-4 times as much as locally. There is 
also an indication for a higher gradient for 
cosmic rays of lower energy. 

1. Introduction 

The gamma-ray line flux measured by SAS2 comes mainly 
from within the Galactic plane region ( |b | < 10°). For 
energies Ey > 35 MeV the main production mechanisms are 
the t r° and bremsstrahlung processes with only a small 
contribution from Inverse Compton scattering. Therefore, 
the line flux measurements can be used to derive informa- 
tion on the radial distribution of nucleons and electrons 
in the Galaxy. 

The usual technique used for deriving the large scale 
radial distribution of cosmic rays is to unfold the measu- 
red longitude dependence of gamma-ray flux (e.g. Strong, 
1975 , _ Issa _ et al, 1981). The resulting radial dependence 
of emissivity is then divided by the smoothed total gas 
density. 


In the present work, we have used a modified method 
to unfold the line flux, assuming a Galaxy with cylinde- 

. ^noh symmetry ° Tile H 2 gas densities of Blitz and Shu 
U.980) are then used to find an estimate for the radial 
distribution of cosmic rays in the Galaxy. 

* 2. The Unfolding Method 

The radial distributions of gamma-ray emissivity are 
derived from SAS2 data for Ey >35 MeV and Er >100 MeV. 

The distributions are obtained by unfolding the line flux 
integrated^ between latitudes of -10° and +10° for ^;0°-180° 
and excluding known discrete sources. ! 

Assuming cylinderical symmetry, the Galaxy with Z v = 
115 pc has been divided into 16 concentric rings, with /2 
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ring (j) having a mean radial distance from the centre of 
R = (j-l) kpc . The line flux data are then fitted to the 
following equation : 

- ( I'D ^ \ 

I( >%’ e) = ' 4TT 4 "3 + *B.O. (1) 

J 

where : 

q^ 0 and q B are the local emissivities from the tt° 
and bremsstrahlung proc esses,, respec tively, evaluated for 
a gas density of 1 H atom/cm , 

&■ is the relative T-ray emissivity, assumed to depend 
only on R and is given by 

h = < G j +>?) 

where G. is the gas distribut ion function, normalized 
such tha'I G(R=10 kpc) = 1 , y is the contribution of 

Inverse Compton process relative to the rr°- and B-proc esses, 
and F„ D (;j) ^- s the distribution of cosmic rays. In equ 
(1), CE „ +10° 

W.( l) = f Zn+( i ,b)db 

-io° 

ij tx 

represents the contribution of the j ring to the line-of- 
sight integral, and I B c is the background flux. Table (1) 
givesthe values of the ‘parameters used in equ. (1). 

Table (1) 


E r (MeV) 

q^o +q B (cnr 3 s~ 1 ) 

n 


' 2 s _1 rad X ) 

> 35 

2.82 x 10 -25 

0.08 

2 x 

10" 5 

>100 

1.682x 10 -25 

0.05 

3.5 x 

V£) 

I 

o 

1 — f ! 


3* Results and Discussion 

The radial distributions of relative emissivity are 
shown in Figs. (la,b). The distributions of cosmic ray 
intensity, obtained by using the gas density distribution 
of Blitz and Shu (1980) are shown in Figs. (lc,d) for 
E > 35 and y 100 MeV, respectively. 

The results shown indicate marked gradients, with the 
cosmic ray intensity in the region 3<R<7 kpc being 3-4 
times that locally. A comparison of Fig. (lc) with Fig. 
(Id) also indicates a higher gradient for lower energy 
cosmic rays. The mean magnitude over R = 3-7 kpc is 3,67 
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for E r >35 MeV compared to 3.06 for E r >100 MeV, while 
the corresponding median electron energies are approxima- 
tely 70 and 185 MeV, respectively (Goned, 1981) 0 

Another feature that is apparent from the results is 
tne existence of a minimum in both the emissivity and 
cosmic ray distributions at R - 9 kpc a This corresponds 
V V" p in the longitude distribution of Y-rays near 
L—oO . Such minimum has been observed in the unfolding 
results oflssa et al, (1981) 'and is assumed to be the 
result of long path lengths through the inter-arm region 
between the Sagittarius and Orion arms. 


In general, the results point strongly to the exist- 
ence of cosmic ray gradients in the Galaxy. This could 
□ e an evidence for a Galactic origin for cosmic rays pro— 
due mg the "Jr— nays with the energies considered here* 



EIG. (1). 


RELATIVE EMISSIVITY AND COSMIC 
DISTRIBUTIONS. 


RAY INTENSITY 
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1. Introduction. The diffuse component of the galactic high-energy (£50 
MeV) gamma rays results mainly from the interaction of CR nuclei (mostly 
protons with energies of a few GeV) and electrons (with energies up to 
several hundreds of MeV) with the nuclei of the interstellar gas (via the 
decay of tt "- mesons and bremsstrahlung) . An additional contribution is 
obtained from the interaction of CR electrons (with energies > 1 GeV) with 
the interstellar photons (mainly in the optical and infrared range) 
through the inverse-Compton (IC) process. Gamma-ray astronomy therefore 
offers an excellent means to study the distribution of CR particles 
throughout the Galaxy, but it is essential to know the distribution of 
the target interstellar gas particles, the major constituents being 
atomic (HI) and molecular (H 2 ) hydrogen. Although large-scale mapping of 
the HI component had been performed using its characteristic 21-cm line, 
the numerous previous gamma-ray studies of the galactic CR distribution, 
using gamma-ray observations obtained by the SAS-2 and COS-B satellites, 
suffered severely from uncertainties in the galactic distribution of 
interstellar molecular hydrogen. Large-scale millimetre-wave surveys of 
the CO molecule covering more than half of the Milky Way, obtained with 
the Columbia 1.2m telescopes, are currently available and can be used to 
trace the H 2 ; the COS-B observations have sufficient resolution and 
sensitivity to constrain the relation between the integrated CO line 
intensity W qq and the molecular-hydrogen column density N(H 2 ) (Lebrun 
et al., 1983; Bloemen et al., 1984a). 

The velocity information of the HI and CO observations is used as a 
distance indicator to ascertain the spatial distribution of the 
interstellar gas. Using this distance information, the galacto-centic 
distribution of the gamma-ray emissivity (the production rate per H atom) 
is determined for three gamma-ray energy ranges (70 MeV - 150 MeV, 150 
MeV - 300 MeV, and 300 MeV - 5 GeV) from a correlation study of the 
gamma-ray intensity maps and the gas-tracer maps for selected galacto- 
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centric distance intervals, taking into account the expected IC contribu- 
tion and pointlike gamma-ray sources (details are given in Section 2). On 
the assumption that unresolved gamma-ray point sources do not contribute 
significantly to the observed gamma-ray emission, the gamma-ray 
emissivity is proportional to the CR density and, more specifically, the 
energy dependence can be used to study separately the distribution of CR 
electrons and nuclei: whereas the emission for the 300 MeV - 5 GeV range 
is dominated by TT°-decay, the 70 MeV - 150 MeV range has a large electron 
bremsstrahlung contribution. For a complete description of the method and 
the results the reader is referred to Bloemen et al. (1985). 

Bloemen et al. ( 1984b, c) applied such a method to the C0S-B 
gamma-ray observations and HI 21-cm line observations of the second and 
third galactic quadrants alone (they showed that H 2 can be neglected in 
the outer Galaxy within the uncertainties of the analysis), and found 
evidence that the distribution of the CR electron density decreases 
beyond the solar circle while the density of the CR nuclei is approxi- 
mately constant out to large (-20 kpc) galacto-centric distances. 

2. Method. Skymaps of HI column densities, N(Hl)i, and integrated CO 
line intensities, W qq £, were constructed in four (i - 1,2, 3, 4) 
galacto-centric distance ranges (2 kpc < R <8 kpc, 8 kpc < R < 10 kpc, 10 
kpc < R <15 kpc, and R > 15 kpc) and convolved with the energy-dependent 
COS-B point-spread function. We selected these four distance intervals 
because the angular distributions of the gas in each interval show 
distinct differences, which are needed to ascertain the contribution of 
the gas in each interval to the observed gamma-ray intensities. 
Similarly, determining the conversion factor between Wqq an< * N(H2) 
(i.e. the ratio X = N(H 2 )/W C q) requires distinct differences between 
the structures in the HI and CO maps. Due to the limited sky area that is 
covered by the CO observations, the following correlation analysis has 
been restricted to the first and second galactic quadrants and the Carina 
region (270° < 1 < 300 0 ) , and the latitude range -4. 5° < b < 6 . 5 0 . 

We investigated which combination of gamma-ray emissivities , q£j 
(j = 1,2,3 corresponds to the 70 MeV - 150 MeV, 150 MeV - 300 MeV, ana 
300 MeV - 5 GeV ranges), best describes the observed gamma-ray 
distributions, Iv assuming a relation of the form: 

4 ,J 

I Y ,j "{ £ iy_-(N(Hl)i + 2Y j .W c0 , i ) )+ lie, j + *b f j- 
* i= 1 4 tt 

The term enclosed by braces represents the intensities that 
originate from CR collisions with atomic and molecular hydrogen, the term 
IlC,j represents the modelled (small) IC contribution (Bloemen, OG3.1-2), 
and* 1^ j is the total isotropic gamma-ray background, including the 
(dominant) instrumental background. The parameters Yj are equal to the 
ratio X, independent of energy, if CR particles are not excluded from, or 
concentrated in, molecular clouds. Pollock et al. (1985) have shown that 
some gamma-ray point sources are present in the first quadrant; these 
have been included in our model as described by Pollock et al. 

We applied a likelihood analysis on l°xl° bins to determine the 
values and formal statistical uncertainties of the parameters q^ j , as 
well as of Yj and Ib,j* Starting from the general model with these six 
parameters for each ’energy range, we tested (using the likelihood- 
ratio) whether various simpler models with fewer parameters (i.e. 
constant emissivity distributions as a function of R, identical Yj values 
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Figure 1: Galacto- centric distribution 
of the gamma-ray emissivity for three 
energy intervals j. The crosses s 
together with statistical 1 a error 
bars j indicate the fit values for 
selected distance ranges i ( indicated 
by the vertical lines ) without any 
constraints. The circles are the 
emissivity values when the values of 
Yj are forced to be identical. The 
full curves represent the emissivity 
distributions Qj(R) in the case of 
exponential distributions for the CR 
electrons and nuclei. The dashed 
curves indicate the ^ °-decay contribu- 
tion from the CR nuclei (f = 1). 


and/or identical emissivity distribu- 
tions for each energy range) give 
significantly worse fits to the data. 


3. Results and discussion. Figure 1 shows the resultant radial 
emissivity distributions. Since neither the two emissivity values outside 
the solar circle, nor the two values inside, can be determined entirely 
independently, these radial distributions have to be judged carefully. 
The likelihood-ratio hypothesis testings showed: (1) a gamma-ray 
emissivity gradient as a function of galacto— centric radius is required 
for the integral 70 MeV — 5 GeV range, (2) the gamma-ray model displays 
an energy dependence, (3) this energy dependence can be accounted for 
fully by an energy-dependent emissivity gradient (so energy- independent 
Yj values) that is strongest for low energies, (4) it can less satisfac- 
torily be ascribed to different emissivity spectra of HI and H 2 (i.e. 
different Yj values). The ratio X = N(H 2 )/W^q was found to be 
(2.75 ± 0.35)xl0~ 26 mol. cm -2 K -1 km -1 s, and additional tests showed 
that X is constant throughout the Galaxy, within uncertainties. This X 
value is independent of excitation and abundance effects, which have 
plagued previous determinations. It should strictly be regarded, however, 
as an upper limit if a population of unresolved galactic gamma-ray 
sources distributed like CO exists. The resultant H 2 mass is equal to the 
HI mass for 2 kpc < R <10 kpc, namely 0.9x10^ M Q . 

Assuming exponential distributions e s ( R-R 0 ) (R 0 = 10 kpc) for the 
CR electrons (e) and nuclei (n) , the total gamma-ray emissivity at 
galacto-centric radius R can be written as: 


q j (R) = e Se(R R ° ) .{qj(R 0 )-f.q 1I <> > j } + e Sn(R Ro) f. 


qir° 


where the parameters the local tt ““decay gamma“*ray emissivi— 
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5 10 15 R (kpc) 20 


Figure 2 : Radial CR-density distributions of the form efHR-Ro) s for 
CR electrons (e) and nuclei (n). The hatched areas encompass 0.8 ^ f^ 1.2 
and 1 o uncertainties for S n and S ej that is - 0 . 21 < S e < - 0 . 09 kpc~ 1 and 
-0.055 < S n < + 0.015 kpe~l. Rote that urithin these areas S e and S n are not 
independent: a stronger electron gradient implies a stronger gradient for 
the nuclei (see table > presenting S e and S n for different f values). 

ties (we estimated these values from the work of Stephens and Badhwar 
(1981), based on the demodulated proton spectrum near the earth) and f is 
an energy- independent scaling factor, because the demodulated proton flux 
may not be typical for the local interstellar medium. Considering a range 
of possible f values (0.8 £f £1.2), we applied a likelihood analysis to 
determine the values of the local emissivity values qj(R 0 ), and of S e and 
S n . Note that we did not fit the emissivity distributions shown in 
Figure 1; our method allows for the dependencies mentioned above (for 
details see Bloemen et al., 1985). The resultant values of S e and S n are 
given in Figure 2 and the corresponding emissivity distributions are 
included in Figure 1. The total local gamma-ray emissivities qj(R 0 ) were 
found to be independent of the f value chosen and are consistent with the 
improved local emissivities determined at medium latitudes (Strong et 
al., OG3.1-3); the implications for the local electron spectrum are 
discussed by Strong (OG3.1-7). The CR electron gradient is required, but 
the results are consistent with a constant density of CR nuclei on a 
galactic scale. The quoted CR gradients could be affected by a population 
of unresolved galactic gamma-ray sources. 

The gradient in the distribution of the CR electrons confirms their 
galactic origin. The exponential scale length of the CR nuclei distribu- 
tion from the present analysis is at least 15 kpc; this is much larger 
than for the type of objects generally considered as candidates for CR 
sources (e.g. supernovae and pulsars, both having a scalelength of ^5 kpc 
(Kodaira, 1974; Lyne et al., 1985)). The gradient of the CR nuclei, if it 
exists, i9 so weak, that on the basis of gamma-ray observations, it can 
no longer exclusively be claimed that CR nuclei (with energies of several 
GeV) are produced in the Galaxy. If the latter is the case, and if they 
are produced by objects like pulsars and supernova remnants, then the CR 
distribution does not seem to reflect the distribution of the CR sources. 
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DERIVED FROM GAMMA-RAY EMISSIVITY SPECTRA 
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D-8046 Garching-bei-Munchen, W.Germany 

ABSTRACT 

Two new determinations of the local 7 -ray emissivity spectrum are in good ac- 
cord and have been used to derive constraints on the local electron spectrum. The 
requirement for an electron intensity above 1 GeV larger than previously believed is 
confirmed, and no low-ehergy upturn in the electron spectrum is then needed. 

1. INTRODUCTION The local 7-ray emissivity spectrum from 70-5000 MeV 
has recently been determined by two independent analyses of the COS-B data, first 
at intermediate latitudes (Strong et al., 1985) secondly at low latitudes (|6| < 5.5°) 
in the longitude range 15° < / < 165° (Bloemen et al. 1985). The first method, 
using 21-cm and galaxy count data as gas tracers, refers only to the region within 
about 500 pc from the Sun; the second, using 21-cm and CO surveys with velocity 
information to estimate distances, gives large-scale average emissivities for various 
galactocentric distance ranges. To compare the two results, Table 1 uses the mean 
values for galacto- centric distances between 8 and 15 kpc from Bloemen et al. 

TABLE 1: Local emissivity spectrum (10 -26 sr“ 1 s -1 ) 

Energy range 10° < |6| < 20° |6| < 5.5° 

70 - 150 MeV 1.1 ±0.1 1.0 ±0.1 

150 - 300 MeV 0.76 ± 0.06 0.74 ± 0.05 

300 -5000 MeV 0.68 ± 0.07 0.62 ±0.04 

The agreement with the intermediate latitude values is excellent, and since the 
techniques used are quite different I conclude that the local emissivity spectrum is 
reliable and not subject to large systematic errors. The intermediate latitude results 
are improvements on earlier analyses (Lebrun et al. 1982, Strong 1982, 1985) owing 
partly to the increase amount of data now available and partly to improved analysis 
methods. 

2. RESULTS The emissivity spectrum has been used to derive the local inter- 
stellar electron spectrum by the method of Gualandris and Strong (1984), in which 
a three-power-law representation is assumed and allowance is made for an uncer- 
tainty of up to 20% in each of the adopted emissivity values. The bremsstrahlung 
is treated using the formulae of Blumenthal and Gould (1970); the *° spectrum is 
taken from Stephens and Badhwar (1981), and the electron spectral shape above 
300 MeV is assumed to be E~ 2A as derived from radio spectral data (Webber 1983). 
As before a factor f p is introduced to allow for the uncertainty in the absolute level 
of the jt° spectrum. 
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Fig 1 shows various spectra consistent with the intermediate latitude emissivities 
and includes the range of ‘reasonable ’solutions for f p = 1.0 and 1.1. In fact with 
the present values such solutions are only obtained if the 300-5000 MeV emissivity 
is reduced by 10% or more, so Fig 1 shows families of solutions for reductions of 
10% and 20% (i.e. within the allowed uncertainties). For comparison the ‘local 
demodulated’values at 4 GeV given by Rockstroh and Webber (1980) and Webber 
(1983) are shown. The conclusion of Gualandris and Strong (1984) that the local 
spectrum is higher than that given by Rockstroh and Webber is reinforced by the 
present analysis; this conclusion depends on the 300-5000 MeV emissivity which is 
now higher than in previous analyses (e.g. Strong 1982). A factor 2-3 relative to 
Rockstroh and Webber (1980) is required, while the larger value given by Webber 
(1983) is consistent with the lower limit from the present analysis for f p = 1.1. The 
comparison is summarized in Table 2. 

TABLE 2: Electron intensity at 4 GeV (units of 10 -2 cm -2 sr -1 s _1 G ! eV _1 ) 

Rockstroh and Webber (1980) 3.0 

Fig 1 of Webber (1983) 4.7 

Fig 6 of Webber (1983) 4.1 

present work f p = 1.0 7—10 

present work f p = 1.1 5 — 8 

The uncertainty in the electron spectrum below 100 MeV is still very large, a 
consequence of the fact that the bremsstrahlung from these electrons lies largely 
below the lowest COS-B energy band. The spectra are however consistent with the 
continuation of the E~ 2A shape down to 100 MeV, as proposed by Webber (1983) 
provided the intensity > 300 MeV is in the range shown in Fig 1. 

The present result is particularly important for estimates of the inverse-Compton 
component of the galactic emission (e.g. Bloemen 1984, Bloemen et al 1985, Strong 
1985, Strong et al. 1985). These calculations have generally used the local demo- 
dulated spectrum; attempts to leave the intensity as a free parameter (Strong 1985, 
Strong et al.1985) indicate an intensity consistent with the present work. 
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LOG ( E/GEV ) 

FIG la Electron spectra consistent with 7 -ray emissivities derived at intermediate 
latitudes. The ir°- spectrum factor f p is 1.0. Each family of connected spectra 
represents the range allowed by uncertainties of up to 20% in the 70-150 and 150- 
300 MeV emissivities. In the upper and lower sets the 300-5000 MeV emissivity 
is reduced by 10% and 20% respectively relative to Table 1. (Larger values of the 
300-5000 MeV emissivity do no lead to reasonably-behaved spectra.) * ....Rockstroh 
and Webber (1980), -(-....Webber (1983) 


FIG lb As Fig la, but with f p = 1.1 
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ABSTRACT 

The bulk of the diffuse y-ray flux comes from cosmic ray 
interactions in the interstellar medium. A knowledge of 
the large-scale spatial distribution of the Galactic y-rays 
and the cosmic rays enables the distribution of the target 
gas to be examined. An approach of this type is used here 
to estimate the total mass of the molecular gas in the 
Galaxy. It is shown to be much less than that previously 
derived, viz., ^ 6 x 10 8 solar masses within the solar 
radius as against % 3 x 10 9 based on 2.6mm CO measure- 
ments . 

1. Introduction . Hitherto, the standard way of determining the mass 
of the molecular gas (H 2 ) in the Galaxy has been by way of the derivation 
of the integral JT 12 dv for the J = 1 + 0 transition of 12 C0 and its 
subsequent conversion to the column density of the molecular hydrogen 
N(H 2 ) through the relation N(H 2 ) = a? 0 f T^ 2 dv, where the conversion 
factor a 20 is in units 10 20 atoms cm~ 2 K _1 km~ 1 s . Many workers have 
employed this procedure, most notably Sanders et al . (1984, to be 

denoted SSS) . The constant value of 7 . 2 adopted by SSS for oc 20 over the 
whole galaxy leads* to a mass of 3 x 10 9 M Q for Galactocentric radii 
R < 10 kpc , to be compared with -lx 10 9 M for the atomic hydrogen, 

HI . 0 


The actual value to be used for a 2 Q has been the subject of a con- 
siderable contemporary argument. Here we enter the fray by way of the 
cosmic y-ray evidence. 

2. The method and the results therefrom . The y-ray method relies on 
(i) a demonstration that cosmic ray particles can penetrate the bulk of 
the gas in the interstellar medium (.ISM), and (ii) a reliable knowledge 
of the local y-ray emissivity of gas locally. The first has recently 
been shown to be valid by Houston and Wolf endale (1984) in the case of 
the local Orion molecular clouds, and should as such hold generally, 
since the Orion clouds appear to be representative of most other H 
clouds in the Galaxy. 2 

Referring specifically to the Orion clouds, we assume that the 
cosmic ray intensity is the same as that locally. We further take the 
corresponding y-ray emissivity to be identical with that estimated for 
high Galactic latitudes (|b|>10°). The result (Bhat et al . , 1985) is 
that we find a value for a 20 at R v 10 kpc which is only 40-50% of 
that adopted by SSS. 
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" r 


^needed 
for CR *s 


Fig. 1. Surface densities of 
HI and H 2 at R=6 kpc. The range 
of quoted values from CO obs- 
ervations (using various a values) 
is indicated, as is the value from 
SSS. The value needed to satisfy 
the cosmic y-ray results is shown. 
Also indicated is the effect of 
reducing the surface density of H 2 
by 0.37 times (to allow for the 
change in a) and by 0.5 (to allow 
for metallicity) . 


Furthermore, we argue that 
there is clear evidence for a 
cosmic-ray (CR) electron 
gradient in the inner Galaxy. 

These electrons are responsible 
for y-rays in the SAS II energy 
range 35-100 MeV and the 
electron intensity is found to 
be a factor ^ 2.3 higher at fc fcpc WVAn 
R ^ 10 kpc. The consequence 
of this on the surface density 
o of gas in the inner Galaxy 
(Fig. 1) is that it is a factor 
^ 5 lower than that given by 
SSS using a constant a 2 Q ^ 7.2. 

As is indicated in Fig. 1, 
the reduced value of a(R=6kpc) 
also follows naturally by 
another route, involving the 
use of a metallicity correction 
factor M for deriving a 20 in 
the inner Galaxy from its 
local value (Bhat et al. 

1985) . 


There is also a wealth of other supplementary data involving ab- 
sorption studies at the X-ray and infra-red wavelengths and virial mass 
estimates of molecular clouds, which we have used and which we find to 
be consistent with our new estimates of a 20> both locally as also in the 
inner Galaxy. 


Conclusions . Figure 2 gives our 


JMoPt' 2 ) 



OUR Hj 




02 46810 12 14 
R(Kpc) 

Fig. 2. Dependence of H 2 and HI 
on R. SSS denotes a widely quoted 
estimate from CO alone, by Sanders 
et al. (1984) . 

and Scoville, N.Z. (1984), Astrophys . 


results on the distribution of H 2 
mass as a function of R. 

- Here we have used various 
methods for determining a20' 
and the Galactic centre region 
has been treated separately. 

We find H 2 masses ^ 2 x IO'Mq 
for the Galactic Centre region 
(R<0. 5 kpc) and % 6.5 x IO^Mq 
for the inner Galaxy (R<10 kpc) . 
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1 Introduction The detection of localised sources of 

high-energy 7 -radiation, first by SAS-2 and later more 
comprehensively by COS-B, has lead to much discussion 
regarding the physical nature of the objects that number 25 
in the 2CG catalogue (1). Only the Crab and Vela pulsars have 
been unambiguously identified; the p Oph cloud has 
subsequently been resolved ; and 3C273 (2) and the X-ray 

source 1E0630+178 (3) have also been proposed as 

counterparts. The status of the remaining sources is much 
less clear. Of the 7-radiation observed above 100 MeV only a 
few percent is due to the catalogued sources which are viewed 
against intense background emission from the galactic plane. 
There has been considerable recent success in modelling the 
galactic plane emission as the interactions of cosmic rays 
with atomic and molecular interstellar gas; elsewhere at this 
conference Bloemen et al (4) demonstrate that the large 
angular scale features of the observations are well 
reproduced in this way. By extending the analysis to small 
angular scales we aim to show which of the 2CG sources might 
be due to conventional levels of cosmic rays within clumps of 
gas and which cannot be so explained. With the use of a more 
sophisticated model the results presented here improve and 
extend those of an earlier report (5). So far we have only 
used the data above 300 MeV where the instrument's angular 
resolution is at its best. Work at lower energies is also 
underway. 

2 Analysis A combination of HI measurements and the recent 
Columbia/GISS large scale CO survey allows a detailed and 
independent point-by-point estimate of the diffuse emission 
above which any sources appear. Using Bloemen et al's (4) 
model as a starting point we have used a likelihood method 
(5) to test for the presence of point sources in addition to 
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the gas. The area surveyed covers 12°<1<179° in the first 
and second quadrants of the galaxy and 271°<1<299° in 
Carina. The extent of the latitude coverage varies slightly 
with longitude although for -5°<b<+5° it is complete. For 
each of the 17 relevant COS-B observations one seeks a 
probability model of the form 

p(l,b)dfl « (r g p g ( l g , b g )+p g )dfl 

to describe the photons detected over the entire field of 
view within the CO survey boundaries. r g is the strength of 
a source at (l s ,b s ) f p g has the form of the COS-B 
point-spread function and p_ comes from Bloemen et al's 
model of the diffuse emission. The choice of the appropriate 
parameters is made through values of the log likelihood 

InL = Eln(Pi) 
i 

for the set of detected photons. InL is a maximum for some 
value r g =r max and the statistic 

X(l s ,b s ) = lnL(r max ,lg,b g ) - lnL(0,l g ,b g ) 

gives the weight of evidence for a point source. X* is X 
maximised with respect to position. A value of 6, which we 
adopt below as a threshold, corresponds to a random 
probability of a few percent. 

3 Results and Discussion The X* statistic shows that some 
point-like sources must be added to the diffuse emission to 
reproduce the data above 300 MeV. Table 1 is a summary of 
the results giving positions, fluxes and X* values. The list 
has entries for new sources with X*>6 and, with the 
exceptions of 2CG284-00 and 2CG288-00 which coincide largely 
with two new entries, for each of the 2CG sources in the 
area surveyed whether detected here or not. The inclusion of 
the background model has caused some changes in flux and 
position from 2CG catalogue values. We have also found that 
the improved model used here has caused flux changes of up 
to 20% with corresponding changes in X* compared with the 
earlier work of Pollock et al (5). 

By far the most significant feature is the excess in 
Cygnus which is resolved into two point sources 
corresponding to 2CG078+01 and 2CG075+00. These lie 2.7° 
apart near the edge of the large complex of atomic and 
molecular gas in the Cygnus X region. Although it is 
possible that we are dealing with an extended feature, two 
independent sources seem the more likely explanation: the 
intensities along the line joining the two sources show two 
reasonably well resolved bright spots that do not have 
counterparts in the gas data. 2CG078+01 is closely 
coincident with SNR G78. 2+2.1, one of the brightest radio 
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object 

1° 

b° 

X* 

m 

2CG078+01 

78.1 

2.3 


7 

2CG075+00 

76.1 

0.5)60.9 

7 

284-01 

284.7 

-1.8. 


2 

286+00 

286.8 

0 . 6 * ■ L2 * 0 

2 

083+03 

83.0 

3.1 

8.4 

1/7 

2CG0 54+01 

55.0 

2.2 

8.3 

1/2 

2CG135+01 

135.1 

1.0 

7.7 

2 

2CG013+00 

14.0 

0.3 

5.9 

4 

2CG095+04 c 

95.5 

4.2 

2.5 

4 

2CG036+01 c 

36.5 

1.5 

1.6 

5 

2CG121+04 c 

121.4 

4.0 

0.9 

2 • 

2CG065+00 c 

65.7 

0.0 

0.0 

4 • 


f (>300 MeV) 10~ 7 cm~ 2 a _1 
1 2 3 4 5 6 7 

■+ + + + + + + 



— O 
■O — 


Sununary of the search for point-source emission above the gas 
in the COS-B data above 300 MeV. 1 and b are galactic 
coordinates which for those objects mafked c are taken from 
the 2CG catalogue. The positions are uncertain to between 
0.5° and 1.5°. X is the likelihood statistic described in 
the text, m is the number of observations made : 2CG054+01 
was only detected in 1 out of 2 observations and 083+03 in 1 
out of 7. fy is the flux above 300 MeV with approximate Tl a 
errors. 


remnants. Pollock (6) argues for identification with the 
synchrotron-emitting region behind the shock front. 

The second of the seven observations of Cygnus showed a 
source at 083+03 which did not appear at other times. It is 
therefore a variable or transient source. Similarly 
2CG054+01 appeared in one of two observations. These are the 
first clear examples at these energies of such phenomena 
whose existence was suggested by Bloemen et al's (7) early 
analysis of COS-B data. Given the implied variability time 
scale of roughly a year it is probable that, these are 
compact ob j ects . 

There is an extended excess in Carina that suggests two 
adjacent point sources and evidence of emission from 
2CG135+01 and 2CG013+00. As for the other 2CG sources, the 
evidence for excess emission is weak and it is likely that 
they find an explanation in terms of clumps of gas 
irradiated by a normal flux of cosmic rays. General 
proposals along these lines have been made by several 
authors, notably Li and Wolfendale (8). 
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EXCESS GAMMA RAYS FROM THE LOOP I SUPERNOVA REMNANT 

Bhat, C.L., Mayer, C.J., and Wolfendale, A.W. 

Physics Department, University of Durham, U.K. 

(CLB is on leave from Bhabha Atomic Research Centre, 

Nuclear Research Laboratory, Srinagar, India) . 

ABSTRACT 

Evidence is presented for an excess of cosmic ray intensity 
within the Loop I supernova remnant, based on an interpretation 
of the observed distribution of y-rays across the remnant and 
the column densities of the associated gas. A strong case can 
thus be made for the bulk of the cosmic radiation (E < lO^eV) 
being produced in the Galactic supernova remnants. 

i_! ji Rt roduction . The search for the origin of the cosmic radiation has 

been a long one but we believe that a recent study in y-ray 

astronomy has now provided definitive information on this question. 

The principle of the method adopted in this recent investigation 
is to examine the profile of y-ray intensity across the nearby 'Loop I* 
supernova remnant (SNR), a remnant clearly identified in radio synchro- 
tron radiation, and to determine the magnitude of the cosmic ray intensity 
present therein based on current estimates of the associated gas. Full 
details of this work are given in a paper by Bhat et al . (1985) and 

only a summary is given here, together with some more recent results. 

The characteristics of the Loop I SNR have been given by 
Berkhui jsen et al . (1971) : it is centred on a point a, 130 pc away and 

its radius is ^ 115 pc. The loop is prominent at latitudes between 
-30° to +80° and at longitudes between 260° to 60°. 

The y-ray data used by us come from the SAS II and the COS B 
satellite observations (Fichtel et al., 1978 and Strong et al . , 1982). 

The gas data are derived from the 21cm Berkeley survey (Weaver and 
Williams, 19 73 and later papers) for HI and 2.6mm CO observations by 
Lebrun and Huang (1984) together with the galaxy count results (Strong 
et al., 1982) for molecular hydrogen. The H column densities are 
found to be small (% 25% of HI) . z 

Results and Conclusion . Figures 1 and 2 summarise the results, 

which are: 1 

(a) An excess of y-rays of energy E y > 300 MeV, correlated with the 
longitude-averaged, latitudinal radio profile (408 MHz) of Loop I, is 
apparent. In so far as protons are the main parents of y-rays at 
these energies, this suggests that protons have been efficiently 
accelerated in the remnant. 

(b) A similar excess at lower y-ray energies argues strongly in favour 

of electrons also having been accelerated in this remnant. This 
suggestion is consistent with the interpretation of the radio syn- 
chrotron data by Heiles et al . (1980). 
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Fig. 1. The excess y-ray in- 
tensity associated with Loop I 
as a function of galactic 
latitude. The basic y-ray data 
are from the SAS II experiment. 
AI^ is the difference between 
observed and expected y-ray 
intensity for the Loop region 
minus the same quantity outside 
the Loop. The smooth curve is 
the corresponding T 408 # averaged 
in the same way, normalized in 
height to observation. The 
particles generating the y rays 
are almost entirely electrons 
in the lower energy band. At 
higher energies protons generate 
about 60% of the y rays . 


(c) The observed average y-ray 
luminosity for the Loop I is 
close to that predicted by 
Blandford and Cowie (1982) for 
a model in which the initial 
SN energy is lO^ergs and the 
cosmic rays (CR) are accel- 
erated by shocks in the remnant. 

The following main con- 
clusions of a general nature 
can be drawn : 

(i) Adopting Blandford & 

Cowie* s model for the CR 
acceleration, and allowing 
the accelerated particles to 
leak out of a remnant into 
the general ISM, when the SNR 
radius is 'v 150 pc, gives an 
acceptable model for the origin 
of low energy (< 10 11 eV) 

Galactic CR. Thus, the CR 
energy flux input to the 
Galaxy turns out to be ^ 10 41 
erg for a supernova 

explosion rate in the range 'v 

1 per 30 to 1 per 100 years. 

(ii) An interesting feature 
of the Blandford and Cowie 
model , and indeed any model 
involving shock acceleration 
in the SNR, is that the 
efficiency of acceleration is 
higher in low density regions 
of the ISM. Thus, the shocks 


propagating out into the 

Galactic halo are likely to be highly efficient, with important con- 
sequences on various propagation f eatures e . g . , the total grammage 
traversed and the CR lifetime. Analogously, in the Galactic disc, the 
volume density of the gas is known to fall with increasing Galactocentric 
distance as one proceeds away from the sun. It would, therefore, be 
expected that the cosmic ray intensity would not fall off as rapidly as 
does the 'density* of the SNR, as the remnants in the outer Galaxy should 
be more efficient at accelerating cosmic rays than their more numerous 
inner Galaxy counterparts. This feature may explain the comparatively 
flat radial distribution of CR (protons) reported by Bloemen et al . 

(1984) (although it should be remarked that we consider that there is 


actually evidence for a small residual 'cosmic ray gradient* for 
protons) . A contributory factor here is the likely longer lifetime of 
CR in the outer Galaxy, before escape. 


/ // 
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tAfy (10 5 cm 2 s 1 sr 1 ) 



Fig. 2. The excess y-ray in- 
tensity defined in Fig. 1 as 
a function of threshold energy. 
The latitude ranges are: 11° + 

19°, -11 0 +-19°. The circles 

refer to COS B data and the 
crosses to SAS II. There 
appears to be a significant 
excess for the highest energy 
Y rays, these quanta being 
generated very largely by 
cosmic-ray protons. 
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Ijl Introduction, In a previous paper Bhat et al.(l) assess 
the evidence for the continuing acceleration of cosmic rays 
in the Loop I supernova remnant. The enhanced gamma-ray 
emission is found consistent with the Blandford and Cowie 
(2) model for particle acceleration at the remnant shock 
wave. We now consider the contributions of other supernovae 
remnants to the Galactic cosmic ray energy density, paying 
particular attention to variations in the energy density and 
anisotropy of cosmic rays accelerated by local supernovae 
(<100pc). The results are compared with geophysical data on 
the fluctuations in the cosmic ray intensity over the 
previous one billion years. 


2* Shock Acceleration In Supernova Remnants. Blandford and 
Cowie have applied shock acceleration considerations to 
supernovae remnants exploding in the hot ISM. Assuming a 
proton/electron ratio 10:1, a preshock factor 1 and an ISM 
magnetic field of ^Ijx. gauss, we get from Blandford and Cowie 
energy in relativistic particles E within the 


the total 


remnant as 


R, 

i sr* 


3S 




E (oT^o) — 3'Oxio^ 

where the inital supernova energy 1 0 s ’* ergs and R is the 
remnant radius in units of 10 pc. During the Sedov phase of 
the expansion the radius of the remnant is related to its 
age t by . _ i ? 


t a 3-a. 


U) 


where t is in units of 10'-* years. This is consistent with 
the previous assumptions about Loop I having an age of 4xlO y 
yr and a radius of 110 pc. The efficiency of the mechanism 
increases with radius, provided the shock is strong. Beyond 
this size the remnant continues to expand and the particles 
are assumed to lose their energy adiabat ical ly . We consider 
three cut-off radii for the acceleration: 50,75 and 100 pc • 

corresponding to- 10*,- 30* and -50* conversion efficiency -into 
cosmic rays. 
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3 . The Monte-Carlo Model . We consider a spherical region 
(r<100pc) around the Sun and calculate the cosmic ray energy 
density at the centre due to supernovae events occuring 
randomly in time and space. For type II supernovae we adopt 
a mean Galactic rate of 1 per 100 yr . This corresponds to a 
mean explosion rate of 0.066 per 10*" yr within the local 
volume. Each simulation covers a lO^ 1 yr period, with a 
temporal resolution of 10^ yr. We do not consider here 
possible variations in the rate due to motions of the Solar 
system through spiral arms. 

In each time interval the number of supernovae 
occurring within lOOpc is sampled from a Poisson 
distribution and these are assigned random positions. The 
mean local energy density is derived from Eq. 1 allowing for 
the Sedov phase propagation of the remnant, Eq . 2. The three 
cases A , B , C (corresponding to efficiency values 10, 30 and 
50 % respectively) are each simulated 10 times and average 
energy densities derived. The baseline energy densities are 
initally assumed to be zero, permitting an absolute 
determination of the local contributions. 

Mean energy densities are derived over time-scales from 

0. 1 to 100 Myr, and long-term averages for models A,B,C are 
found to be 0.1, 0.5, 1.0 eV cm' 3 respectively. The local 
Galactic energy density is generally taken to be ''-1.0 eV 

cm"' 3 , based on present observation of the cosmic ray and 
synchrotron spectra. To derive the fluctuation in the local 
energy density we first require the long-term mean to be 1.0 
eV cm' 3 . To achieve this, the baselines in each model are 
increased to a corresponding constant level. 

We also derive the expected cosmic ray anisotropy as a 
function of time due to the local supernovae. During the 
acceleration phase the particles are essentially limited to 
the downstream region, behind the shock front. The 
anisotropy amplitude % is thus determined when the remnant 
sweeps past the Sun, and is given by 

% - 7.i > »•* *— "■ <- 3 > 

4 . Results. The probability of fluctuations on different 
time-scales, about a mean of 1.0 eV cm' 3 , are given in Figure 

1. The upward and downward probabilities are given 
separately for models A,B,C. It is apparent that in all 
cases there is a greater probability of a downward 
excursion; a reflection of the low probability for a local 
supernova event in a given time bin. For model A the 
probability of upward fluctuations is relatively small, 
whereas downward excursions, of a statistically small 
magnitude (<10%), are more prevalent. Model C is considered 
unrealistic, in that it is very difficult to explain the 
inferred cosmic ray grammage (E-^few GeV) of 6 g cm - * if the 
particles originate within 100 pc. This extreme case is 
included to illustrate overall effect of increasing the net 
acceleration efficiency. 
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FRACTIONAL ENERGY DENSITY 




Figure 2 


In Figure 2 we show the variation of anisotropies on 10 i * 
yr time bins, derived from averaging over 10 Monte-Carlo 
samples of the supernovae spatial distributions. The 
absolute anisotropies are normalized for the case of 1 eV 
cm' 3 local contribution (model C).The absolute values for the 
other two cases can be derived by scaling to the appropriate 
mean local energy density. 


5j_ Conclusions. Model B, and to a lesser extent A, predict 
significant (>20%) increases in cosmic ray energy density on 
time-scales of a few million years. These results are in 
agreement with the experimental studies of cosmogenic 
nuclides by Tokar and Povinec (3) and Voshage (4). However, 
model B predicts _ a large decrease in intensity on 
time-scales of 10' a yr, suggesting that the presently 
measured energy density is likely to be less than the true 
long-term average by up to 50%. While this possibility can 
not be completly ruled out at present, it seems difficult to 
reconcile it with the results of high energy (E r > lOOMeV) 
gamma-ray observations. From the stand-point of the mean 
Galactic energy density being ~1.0 eV cm'* model A is more 
consistent with the observations. If the Blandford and Cowie 
model is appropriate for the bulk of Galactic supernovae 
then no more than ~10% of the observed cosmic rays can 
originate from within lOOpc. 
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ABSTRACT 

The spectrum of the diffuse X- and gamma-ray 
background has been measured between 15 keV and 
4 MeV with the scintillator detectors of the 
UCSD/MIT instrument aboard the heao-i satellite. 
The apertures of the detectors were modulated on 
time scales of hours and the difference in 
counting rates measured the diffuse component 
flux. The observed spectrum is presented and 
compared with other measurements. At least two 
components are indicated, one below '100 keV and 
the other above. Possible origins are discussed. 


1 . Introduction . The question of the origin of the X-ray and 
gamma-ray diffuse component has been revitalized in recent 
years through more precise measurements of the spectral shape 
(Marshall at at. 1980) and isotropy (Shafer 1983) at energies 
below 100 keV, and also through statistical studies of X-ray 
emitting active galaxies (e. g. Piccinotti at at. 1982) and QSO's (e. 
g. Tananbaum •* al. 1979). The current theoretical situation, as 
reviewed by Fabian (1985) , is far from decided. Much of the more 
recent work, based on the heao-i and einstein surveys, has attempted 
to model the diffuse component as the unresolved emission from 
numerous distant point sources. Such modeling has generally 
found it necessary to invoke evolution in the number density, 
luminosity and/or spectral shape of the candidate population; 
that is, the population must be substantially different at 
early epochs than at present. A truly diffuse mechanism, such as 
the hot gas suggested by the thermal bremsstrahlung spectral 
shape of the heao-i measurements of Marshall at at. (1980), has its 
own difficulties with spatial density, spectral shape and 
evolution. While these efforts must be continued, it is also 
likely that further precise and reliable measurements of the 
spectrum, isotropy and fluctuations of the diffuse emission 
will guide the course of such work, or may even suggest an 
alternate origin. We present measurements of the diffuse 
component spectrum measured between 15 keV and 4 MeV. Below 100 
keV these closely confirm the spectral shape of Marshall at at., 
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above this energy a steep power-law extension is measured, and a 
flattening is indicated above 500 keV. 

2. Instrumentation and Method. The UCSD/MIT Hard X-Ray and 
Low-Energy Gamma-Ray Experiment aboard heao-i consisted of seven 
actively-shielded phoswich scintillation detectors. The two 
Low Energy Detectors (LED's) were sensitive from 15 kev to 150 
keV, the four Medium Energy Detectors (MED's) from 80 kev to 2 
MeV, and the High Energy Detector from 140 keV to 10 MeV. A 
movable shutter, consisting of a 5 cm thick Csl scintillator 
detector, was placed periodically over the aperture of several 
of these detectors in order to permit measurement of the 
internal cosmic-ray-induced background (CRIB) counting rate. 
To first order, the diffuse component is measured simply by 
subtracting the CRIB from open-aperture observations of blank 
fields. Actually, a number of open and blocked accumulations 
are subtracted, each open/blocked pair corresponding to a given 
range of geomagnetic parameters, to compensate for the time 
variation of the CRIB. Further corrections must be applied to 
these differences to account for small changes of the CRIB by 
the shutter, and to correct some residual time-variability of 
the CRIB. The complete method is described in Kinzer at at. (1985) . 
For each of the three detector types, the aperture flux was 
equal to or larger than the CRIB near the lower energy 
threshold, but in the upper portion of the energy range it was 
only a few percent of the CRIB. The most complete and systematic 
program of aperture modulation was performed for the MED 
detectors. Results for the other detectors are based on a few 
blockings only, and thus are more subject to systematic error. 

3.. Results . In Figure 1 are displayed the combined heao-i 
results, including those from the A-2 experiment (Marshall at at. 
1980) . The LED results extend from 15 to 100 keV; data at higher 
energies was eliminated because of poor signal-to-noise . The 
LED spectral shape is in exact agreement with the A-2 spectrum 
in the region of overlap, and a 20% difference in flux level is 
consistent with the 10-15% estimated 10-15% uncertainty in the 
calculation of the solid angle for each instrument. The LED 
spectrum is well-fit up to 100 keV by a thin thermal 
bremsstrahlung spectrum with temperature kT = 43±1 keV, 
assuming statistical errors only. The A-2 best-fit kT is 40±5 
keV, where the quoted error is a generous allowance for 
systematic error. The MED results, extending from 50 to 800 keV, 
are inconsistent with an extension of this thermal spectral 
form; instead, they agree quite well with a power law shape of 
spectral index -1.81±0.08 in energy flux which is tangent to the 
curved (thermal) LED spectrum between 80 and 100 keV. 

The HED results extend upwards from 140 keV, and agree with 
the MED results in the region of overlap (140 to 500 keV) . The 
net significance above 1 MeV is only 2a. Taken at face value, 
the HED points indicate yet another change of spectral shape: a 
flattening to an energy index of about -1. These highest-energy 
points are only 2% of the HED internal background and are 
comparable to the modulation of the internal background by the 
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shutter. This modulation is known, through a combination of 
measurement and calculation, to an estimated error of 0.7% of 
the internal background. The sum of systematic uncertainties is 
of the order of the statistical error (1% of internal 
background), thus a positive detection above 1 MeV cannot be 
claimed. Still, these points are in remarkable agreement with 
previous measurements in this energy range from a scintillator 
(Trombka at at. 1977) and Compton telescopes (White at at. 1977; 
SchOnf elder at at. 1980) . 

4. Discussion . The combined A-2 and A-4 LED heao-1 data 
together show a 2-100 keV spectrum with precisely the shape of 
thin thermal bremsstrahlung at about 40 keV temperature. But 
compelling theoretical arguments need to be advanced before a 
thermal origin for this part of the diffuse component can become 
accepted. On the other hand, if this radiation is assumed to 
arise from active galaxies, there is the difficulty that active 
galaxies show no sign of having thermally cut-off spectra, 
although this problem can be avoided by resorting to spectral 
evolution. Explaining the power law extension above 100 keV 
poses its own difficulties, perhaps more so for a thermal model. 

The spectrum just above 1 MeV has yet to be measured 
convincingly. The observations, by various experimenters, are 
in good agreement with each other, but all are at the limit of 
sensitivity of the instrumentation or the analytical method. 
There remains, therefore, a reasonable possibility that the 
true flux lies lower, as extension of the 100-400 keV spectrum 
would indicate. But extrapolation of two other observations 
indicates that the 1-10 MeV observations may be correct. The 
SAS-2 diffuse component spectrum at 30-100 MeV (Fichtel at at. 
1978) is steep and inconsistent with an extrapolation of the 
100-400 keV data, thus indicating a flattened region between 
400 keV and 30 MeV. Also, a mean active galaxy spectrum from 2 to 

• 150 keV has been measured by Rothschild at at. (1983) . Converted to 

an equivalent diffuse flux (unevolved), this spectrum passes 
right through the 1-10 MeV data, if extrapolated. Thus active 
galaxies could give rise to the entire diffuse component above 1 
MeV. Unfortunately, there exists yet no direct observational 
evidence that their spectra extend into this energy range. 

5. * Conclusions . The thin thermal bremsstrahlung shape of the 

diffuse component spectrum has been confirmed to high precision 
between 15 and 60 keV. This shape has been observed to extend to 
about 100 keV, above which energy it continues smoothly as a 

1 power law of spectral index -1.8. Measurements from 500 keV to 4 
MeV have only weak significance, but are in agreement with othej 
measurements on this interval. The coincidence with an 
extrapolation of a mean active galaxy spectrum suggests the 
possibility that the diffuse component near 1 MeV is largely due 
to this population. 

ii- Acknowledgement . This work was supported by NASA contract 
NAG 8-499 . 
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Figure 1. The spectrum of the diffuse X-ray background, as 
measured by instruments aboard HEAO-1. Excellent agreement 
between the different instruments is obtained, allowing for the 
"10% calibration uncertainties. Below 100 keV the data fit a 
thin thermal bremsstrahlung spectrum with kT=40 keV. Above 100 
keV a power law of index -1.8 describes the data. This may 
flatten above 500 keV. 
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ABSTRACT 

The gamma-ray spectrometer on the Solar Maximum Mission Satellite has 
detected the interstellar 2 *A1 line when the Galactic center traversed 
its aperture in 1980, 1981, 1982, and 1984. The center of the emission 
is consistent with the location of the Galactic center, but the spatial 
distribution is presently not well defined. The total flux in the 
direction of the Galactic center is (4.3 + 0.4) x lo” 1 * Y/ cm2 - s - ra d for 
an assumed population I distribution. 

1. Introduction. Gamma-ray line emission at 1.809 MeV from the decay 
of Galactic 26 A1 has been detected by both the HEAO-C spectrometer in 
1979 (1) and by the SMM spectrometer in 1980, 1981 and 1982 (2). 2 *A1 

can be synthesized in novae, supernovae, red giants, and massive stars 
(3-9) and accumulates in the interstellar medium due to its 0.72 x 10* 
. yr half life ( 10) . 

The gamma-ray spectrometer on the Solar Maximum Mission satellite 
has been in operation since February 1980. Although it was not 
designed for Galactic studies, the spectrometer's excellent stability, 
good sensitivity and long observing period have enabled it to detect 
the interstellar 26 A1 line at a high level of significance, >5o, each 
year as the Galactic center passed through its field of view. In this 
paper we summarize the earlier SMM observations (2) and report on the 
detection of the line in 1984. 

4 2. Observations. We obtained the data base for the Galactic studies 

by accumulating 1 minute spectra along with the satellite's location 

and orientation. Three-day accumulations of these spectra were then 

sorted according to three parameters: 1) the time from the last 

significant transit of the radiation belts (SAA), 2) the zenith angle 
of the detector axis, and 3) the vertical geomagnetic cutoff rigidity 
for cosmic rays. Data were only included in these summations for the 

~8 orbits each day which were free from significant exposure to the 

SAA. Both computerized and visual screening of all the data prior to 
the 3-day summations allowed us to remove contributions from solar 
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flares, gamma-ray bursts, geomagnetic disturbances, and times with poor 
telemetry transmissions. 

We have used the fact that SMM follows the Sun along the ecliptic 
to search for an annual increase in the intensity of 1.81 MeV 
gamma-rays as the Galactic center passes through its 130° (FWHM) 
aperture. Our ability to uniquely separate the interstellar line from 
background lines is limited by the 95 keV (FWHM) energy resolution of 
the spectrometer near 1.81 MeV. However, the > 3 year data base 
permits us to resolve the different components. Details of this 
analysis are presented in reference 2. The overall background spectrum 
in the 1.6 to 2.0 MeV region can be represented by a power-law 
continuum and a line feature near 1.78 MeV whose width exceeds the 
instrumental resolution. This feature is dominated by unresolved lines 
at "1.75 MeV, ~1.79 MeV and ~ 1 . 8 1 MeV. A likely source of the 1.75 MeV 
feature is ll9 Te which is produced in the instrument's Csl shield. The 
component near 1.79 MeV is due in large part to 22 Na produced from 
aluminum in the instrument's housing. The observed line is produced by 
the simultaneous detection of a 1.275 MeV gamma ray with a 0.511 MeV 
photon from the annihilation of the emitted positron. Another 
contributer to this feature is the 27 Al(n,y) 28 A1 reaction which 
produces a line near 1.78 MeV. In addition to interstellar 26 A1 gamma 
rays, the feature near 1.81 MeV appears to contain background 
contributions from a radioactive decay sequence and from the excited 
state of 26 Mg produced by (n,np) reactions on aluminum (1). 

Shown in Figure 1 is the measured rate of the composite line 
feature between ~ 1 . 79 and 1.81 MeV plotted as a function of time 
following the launch of SMM. Only data accumulated with the detector 
axis within 72 of zenith are included. The data have been summed to 
24 days to remove most of the systematic variations due to SMM's 48-day 
precession. The gradual increase is due to the growth of the 22 Na 
background line (2.6 yr half life). Superimposed is a striking 
increase which occurred in each of four years centered in the latter 
part of December. This is the time when the detector axis was pointed 
near the center of the Galaxy. The dashed curve represents a model 
having three terms: 1) a constant, 2) the increased activation in the 
22 Na line produced by the incident radiation (SAA and cosmic), and 3) 
the calculated response of the instrument to a diffuse Galactic source 
which follows the longitude distribution of >100 MeV gamma rays (11). 
The average amplitude of the Galactic modulation is 0.033 + 0.0025 
cts/s; the rate does not appear to vary from year to year. 

We have obtained a spectrum of the Galactic line emission near 
1.81 MeV by separately summing data within 45 days of Galactic center 
and Galactic anti-center transits during the first 3 1/2 year observing 
period shown in Figure 1. We then normalized the spectra by live time 
and subtracted the Galactic anti-center exposures from the Galactic 
center exposures. A clear line feature is observed with an energy = 
1.804 + 0.004 MeV and width = 102 + 10 keV FWHM (includes instrumental 
broadening of 95 keV FWHM) . The fitted energy and intrinsic line width 
(38+fe keV FWHM) are consistent with a narrow line at 1.809 MeV from 

2 «Ar. 
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Figure 1 Variation in the intensity of a composite line near 
1.81 MeV obtained when data for times >10,000 s from the last 
SAA passage in the 1.6— 2.0 MeV range are fit by a power— law 
continuum and Q lines at 1.75 and 1.81 MeV. Only data 
accumulated <72 of zenith are plotted. The gradual increase 
in the 1.81 MeV intensity is due to the nearby 22 Na line which 
is not resolved in this fit. No data are available from late 
1983 to early 1984 when SMM's tape recorders were turned off. 

3. Discussion and Summary. We have analyzed 4 years of data from the 
gamma-ray spectrometer on SMM and have observed a >10o increase in the 
intensity of line radiation near 1.81 MeV when the Galactic center 
region traversed its aperture. Restricting data samples in order to 
reduce the effects of background in the instrument has no significant 
effect on the measured intensity of the line. All of our tests point 
to a celestial origin of the radiation. The measurement is consistent 
with the detection of a narrow line at 1.809 MeV from interstellar 
2S A1. Unambiguous identification of this line with 26 A1 comes from the 
high resolution HEAO-3 measurements of its energy, 1808.49 + 0.41 MeV, 
and width, <3 keV (1). 

The detection of interstellar 1.81 MeV line gamma-radiation by 
both the SMM and HEAO-3 spectrometers is convincing evidence for 
nucleosynthesis of 26 A1 during the past million years. It was 
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initially believed that the integrated emission from Galactic 
supernovae could account for the observed gamma-ray flux (10), however, 
recent work indicates that this may not be the case (12,13). 
Alternative sources are novae, red giant stars, and massive stars(6-8). 
One of the keys to determining the origin of the observed emission is 
its angular distribution (14). The Galactic longitude distribution for 
novae is strongly peaked toward the Galactic center 050? are within 
10 of the center; see ref. 14). The distribution of CO, which 

monitors star formation and supernovae in the Galaxy, is broader and 
drops off in intensity only for longitudes more than 30° from the 
Galactic center. 

The SMM results require a strong concentration in the direction of 
the Galactic center, as evidenced by the striking annual modulation 
shown in Fig. 1. We have compared this modulation with calculations 
of the instrument's response to source distributions which either lie 
along the Galactic plane or are asymmetric in Galactic latitude. The 
centers of these distributions fall in an error box defined by 345° and 
25 in Galactic longitude and -15° and +10° in latitude (99? 
confidence) . This is consistent with a source centered at the Galactic 
center. Due to the large aperture of the spectrometer, the 
distribution of the radiation is not well defined. However we are 
hopeful that by using the Earth as an occulting disk for the source, we 
can obtain more information on its distribution. 

The intensity of the 26 A1 line averaged over four SMM observations 
in 1980, 1981, 1982 and 1984 is 0.033 + .0025 cts/s. There is no 

evidence for any year-to-year variation in intensity. If we assume 
that the line emission follows the >100 MeV Galactic gamma-ray 
distribution (11), this corresponds to a total flux of (4.3 + 0.4) x 
10” 4 Y/cm 2 -s-rad. This is consistent with the flux of (4.8 + 1.0) x 
10 4 y / cm 2 — s— rad observed by HEA0-3 in 1979/1980 (1). ~~ 

4. .Acknowledgements. This work was supported by NASA contract 
S-14513D at NRL and NAS5-28609 at UNH, and by BFFT contract 010k 
017-ZA/WS/WRK 0275.4 at MPE. 

References 

1. Mahoney, W.A., et al. (1984), Ap. J., 286, 578. 

2. Share, G.H., et al. (1985), Ap. J. (Lett!, 292, L61. 

3. Clayton, D.D. and Hoyle, F. (1976), Ap. J., 203 , 490. 

4. Arnett, W.D. (1969), Ap. J., J57, 1369. 

5. Woosley, S.E. and Weaver, T. A. (1980), Ap. J., 238 , 1017. 

6. Arnould M., et al. (1980), Ap. J., 237, 931. 

7. Norgaard, H. (1980), Ap. J., 236, 895. 

8. Cameron, A.G.W. (1984), Icarus, 60, 416. 

9. Dearborn, D.S., and Blake, J.B. (1985), Ap. J. (Lett), 288, L21. 

10. Ramaty, R., and Lingenfelter , R.E. (1977), Ap. J. (Lett), 21J3, L5. 

11. Mayer-Hasselwander , H. A. (1983), Space Sci. Rev., 36, 223. 

12. Clayton, D.D. (1984), Ap. J., 280, 144. 

13. Fowler, W.A. (1984), Science, 226 , 922. 

14. Leising, M.D. and Clayton, D.D. (1984), Ap. J., submitted. 



357 


OG 3.2-3 


GALACTIC DISTRIBUTION OF INTERSTELLAR 26 A1 


W. A. Mahoney, J. C. Higdon, J. C. Ling, 
W. A. Wheaton, and A. S. Jacobson 
Jet Propulsion Laboratory 169—327 
4800 Oak Grove Drive 
Pasadena, CA 91109, USA 


^di^nisj— ‘ ’ an exci^riiie 1 ^ ° f the present ^tersteilar 

It provided direct experimental proof that™^^ spectroscopy. 

continuously being synXsized iS the Galaxy 1 *** 

with the high-resolution ffamma Oalaxy. This discovery was made 

subsequent^ confirmed by 'ST'S ( 2 , < V* ” aS 

2S. - 3 SSS 

bulk motions of |v| 4 250 km/s whiTh < * thls corres P<>nds to 

rest in the ISM. ' X ’ lch is consi stent with material at 


thete'S ^‘ST" 7 U “ “ 1809 *«. 
synthesis of 2 ^ai. Sites which hawa k be l dterature on the nucleo- 
novae (3) and massive sta^ a^U Sug8e v sted ll '' 1 “ d * ‘ST* IX super- 
tlon I, is well as „„v.e (5) ‘and ^iants"^^ “"T P ° PUla - 
an older disk population We h a „! * lants which are associated with 
distinguish be tveen^theee r“Si 3 ^ “ 

mlnu^T^ivenTnai # SPl " parlod ° f 2 » 

counts from many scans followed hv nlqueS dnv ° lv e the accumulation of 
the HEAO 3 s uLT followed by a source-background fitting. Because 

aSgle“s A U 'the 61 .! f T kaV ™ at ^ 
extended source, and the source intend*- echnl< | ue does not work for an 
fit to the data. Thus we have develoned mUSt ^ de l termlned b y a global 
the amplitude of the source function P a n ® w techni< iue which returns 
of data. The calculated fluxes from h° m ^ Ut a** f °J 6ach t6n rainute stretch 
together to give the final result od Un ° f SUCh scans are averaged 
to the spacecraft orbital nerl nd * S nce ten minutes is short compared 

of the intense! tZXaAahll LZ^TT" " hlch arise be " ause 
mated. While ’this method results J"** aW neai ^ ^ 
systematic and statistical errors it S n f flca ot reduction in both the 

spatial distribution of a source flux Rather^ P ° SSibb ? to measure the 
first be assumed and then convolved ^itf the i distributio " must 
a function of scan angle Initial fv f mstrument transmission as 
prime candidates for the source tf 2 s 6 u P erno J ae were believed to be the 
life of 2b A1 is much longer than the a * S ^ nce the million-year mean 
novae (-100 years), the S dif fuse 1809^1 ^? & 1 1 1 ™ 6 be . twe f n S alact m super- 
the accumulation ^om thousands' 

M formed an extended source In the gnIactiflqllt.Sal “.ne^lt 



358 


OG 3.2-3 



Figure 1. Net diffuse galactic gamma-ray emission near 1809 keV 
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The results of the analysis of the first two months of HEAO 3 data 
are shown in Table 1. Note that while the quoted intensity from the ga- 
lactic center is higher for the visual distribution than for the popula- 
tion I model, the implied mass is lower. This results because the visual 
distribution is much more peaked toward the galactic center (Figure 3). 
The analysis thus far does not distinguish between these two populations. 

3. Discussion. While the HEAO 3 data are consistent with both the super- 
nova and nova distributions, theoretical models of these two types of 
events tend to favor novae (11) as the main source of 26 A1. Supernova 
calculations (3) indicate that the 26 A1/ 27 A1 isotopic production ratio is 
~10“3 whereas a production ratio of nearly 0.1 is required to explain 
the observations. Nova calculations (5), on the other hand, give a 
26 A1/ 27 A1 production ratio near 1 and indicate that they can account for 
about 1 M 0 of 26 A1 in the present ISM. Furthermore, the nova models used 
outdated values for the rates of the 2 ^Mg(p, Y ) 26 A1 reaction, the main 
production mode of 2 ^A1. Recent measurements of the cross sections (12) 
revealed a new resonance which translates into a vastly increased reaction 
rate at temperatures typical of novae. Thus it appears novae are capable 
of producing nearly all the observed 26 A1. The contribution from massive 
stars (4) and red giants (5) as well as supernovae appears small compared 
to the nova production. 

We will continue analyzing the HEAO 3 data in an attempt to measure 
the latitude extent of the emission and to try to differentiate between 
the suggested stellar populations responsible for the 26 A1 production. 

4. Acknowledgement. The research described in this paper was carried 
out at the Jet Propulsion Laboratory, California Institute of Technology, 
under contract with the National Aeronautics and Space Administration. 
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(de Loore et al . 1985 , Prantzos et al , 1985 > .This mas! ranoe 
seems to correspond to most of the WR progen i tors ?HumDhrevs 

et a .1985). The nucleosynthesis of al 1 .species up Jo ^5? 

is closely followed thanks to a detailed nuclear network 
supplied with updated nuclear data relevant to Jhe H aJri 

specmJan^M < “ r p det ? 11 “ ° f " etWOrk i Bedrest i'ng 

SanJzJs !™> ^1? ? Pran ' zos et al.1985 and Casse and 
. •’ * Al is produced and homogenized in the 

^ellar convective core during H-burning through ?he reaction 
<n 2 P ;nrt*? nd deStroyed at onset of He-burning through 

with a mean"! rfettme'^ 011 ^ i^mi ? 1 ?on ^ vears*! t * S ° Unatab ' e 

stellar surface when tM H-rich envelope' is dispersed t b^t he 

“ eStellar / ind <0f and WN Phases) .'and disappears at 
the beginning of the wc phase, when it is the turn of Se 
burning products to emerge at the surface Thp . 
by the wind in the interstenarSeS^tiTy^^is^i^r^ 
after the final explosion of Wolf-Rayet stars." 


The quantity of 26 a 1 ejected 


is found to increase with mass 
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and should depend almost 
stel^gr progenitor (see 


linearly on metal 1 icity of the 
also Dearborn and Blake 1984.1985). 
-T-hp "°Al yield and the corresponding gamma-line luminosity, 
averaged over i) the initial mass function of Humphreys and 
McElroy 1984 (assumed to be uniform across the galactic 
disk) and ii) the radial metal 1 icity gradient derived by 
Shaver et al , 1983 (extrapolated up to gbout 4 kpc from t}^> 


galactic center ), amount to Y =1.1 10 M and 
photons sec respect i ve 1 y . These values should 
characteristic of an average galactic WR star 


L v = 1.3 

bl 


10 ' 


M 0 _ - N_ . i , « 
contributed 
in one lifetime ( 10 6 years) 


WR stars having 
1 

the WR birthrate, B 


WI 


Assuming a steady sjcate abundance 
total mass of live Al scattered 
present time is M 2.6 = N t: Y 26 * t w ^ re 

N 

YT lx = n WR 

of WR stars in the”galaxv a 
Current models (e.g. Maeder 
al,1985) predict that ? WR =3 
solar meta 1 1 i c i ty . We assume 
applies to the whole galaxy 
this simplification 
the uncertainty on 


(e.g. Clayton 1984t,the 
in the whole galaxy at 
is the toJ,al number of 
the galactic Al production 
.in turn. is proportional to 
n being the present number 
^ their average lifetime. 
and W Eequeux 1982, Prantzos et 
to 5 10 5 years, at least for 
provisionally that this number 
as well. The error introduced by 


is expected to be small compared to 

is , as we shall see, considerable 


n WR' WhlCh 


3 .The number of WR stars in. 


the 

estimate of the total number of 
galaxy is d i f f i cul t . but it must 


galaxy . A reasonable 
WR stars present in the 
include one of the two 


following factors or both: 

a) the increase of the star formation rate with decreasing 
galactocentric distance. Since the WR catalogs are complete 
only up to 2.5 kpc from the sun (e.g. Hidayat et al , 1982 
and Conti et a 1 , 1 983), we rely on qualitative tracers of 

“a r formation to derive the radial distribution of young 
and massive stars inward, including the very central r eg on 

b) the increase of the ratio WR to 0 stars with metal lici ty.Z. 
From counts of WR and O stars in the Magellanic Ciouds an 

regions of the galaxy of v^r^ed di stances, Maeder ( 1984) 

derived the relation N /N «<Z • . . 

We assume that this reY!ti8n still holds f< or z >° • 03 <i .e.i i n 
the inner galaxy and in the very central region where Z-0.09 
Gusten and Ungerechts, 1985) . Indeed an increase of N /n 
with Z, presumably due to an increase of the mass loss rate 
of O star with Z,is not unexpected (Maeder 1982) and can 
be understood, at least qualitatively. in the^framework of 
radiation driven wind models of O stars (e.g. Abbot, 1982). 

Both effects tend to increase significantly the gamma-line 
luminosity of the inner galaxy. Three different cases have 
been considered to illustrate their relative importance^ 

A. following Maeder and Lequeux (1982), we assume that 
WR star follow the distribution of giant HI I regions, as 
given by Guibert et al (1978). In this case 


n, ~ 1000 and 
WR 


363 


OG 3.2-5 


4 


* 


and M ^0.4 M (leaving aside the very central region! much 
less than the mass required to sustain the 1.8 Mev line * 
at the observed level (~3 M Mahonev et al 1984) 

B- the WR surface density has been scaled to that of 
molecular hydrogen (Sanders et al , 1985, modi f led locally 
as prescribed by Dame and Thaddeus, 1985 ). Thi s is equivalent 
to assuming that the formation rate of the WR progenitors 
is proportional to the gas density, at large scale, and 
that the n r /n ratio is uniform across the galactic disk 

"wr ls then 3030 <2000 in the disk, 1000 in the center) and 

1 * 3 M # . 

C.App? ying to distribution B the metallicitv correction 
discussed above, we get distribution C,n is now ~8000 
(6000 + 2000 ) and 3 . 2 M^This last caSi is encouraging, 

but remember that it rests on a rather speculative basis - 
dedicated models of metal -rich WR stars are needed to 
substantiate these ideas. 


4. Longitude distribution of the WR gamma- line emission 
Knowing the typical luminosity of individual sources 
and their galactic distribution.it is a matter of numerical 
integration to calculate the longitude distribution of 
the arriving flux (e.g. Harding 1981). The fluxes resulting 
from radial profiles A , B and c are shown in figure la b 
Only in case c,as expected, the flux from the galactic’ 
center direction is comparable to the one derived from the 
HEAO and SMM data. 

Note that the three proposed profiles are sharper than 

5°f B °ne, Which serves as a reference in the HEAO and 
SMM data treatment . For consistency it would be desirable to 
reiterate the data analysis on the basis of theoretical 
prof i les A, B and C. 


5 ; £ 8 S" Cl !? 5iQn We haVG ten tatively estimated the contribution 
of WR stars to the 1.8 MeV line emission of the galactic 
plane on the basis of recent models of stellar evolution 
These seem to be interesting candidates, but because of 
i> large uncertainties in their galactic distribution 
and 1 1 ) the lack of dedicated metal -rich WR models it' 
would be prggature to conclude that they are the unique 
sources of Al in the galaxy . Future experiments with 
improved spatial resolution (<5°) will help to identify 
the most generous °A1 sources, galaxy wise. At present it 
would be desirable to refine the data analysis of the HEAO 3 
and SMM satellite in the light of theoretically derived 
di str i but i ons , as for instance, distributions A,B and C. 
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fig , i a t h Longitude profiles derived from the three possible WR distribu 
tiona 

ay Normalized at peak value to show the center/ anticenter contrast, 
of interest for the observers . The COSB profile is shown for com- 
parison . 9 11 # 

b) Expected flux (in photons cm" * s’ 1 radT 1 ) versus longitude tn 
the A, B and C cases . The shaded area indicates the measured value 
(4.8 + 1)X 10~ 4 photons cnT 2 s" 1 radT 1 , between +30* in longitude , 
Mahoney et at ., 1984). 
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DIFFUSE GALACTIC ANNIHILATION RADIATION FROM 
SUPERNOVA NUCLEOSYNTHESIS 

J« C . Higdon 

Jet Propulsion Laboratory, 169-327 
California Institute of Technology 
Pasadena, CA 91109 

K_Jn trqdueti°n. A primary source of nucleosynthesis in the Galaxv 
supernovae * The observation of gamma-ray lines produced by the 

af C3y ° f UnStable elementS created ^ these explosive evenJs 
_ - e a re ct test of models of galactic nucleosynthesis (Clavton 
Coigate, and Fishman 1969). However the primary unstable elements pro- 

ley e l980) t are e short O li On H , h* C ° ( e * S * Weaver > Axelrod, and Woos- 

tv,L^ 980) short lived with respective mean lives of 8.8 and 113 davs 

“ ea ? 1±ve . 8 are much less than the mean time between type I superno- 

In hL 7 ln tHe GaUxy ’ ~ 50 years (Tammann 1974). This difSreSce 

^ofgalacfic% S vne ge T St8 ^ ^ ° bservation of such short-lived phenomena 
lactlc typ 1 8u P ern ovae is unlikely in the near future n 

> aad Ramaty aad Lingenfelter (1979) have considered, however ^n- 
T lly - observable signature of supernova type I nucleosyn- 
thesis. They conjectured that, if a small, -10%, fraction of the Mev 
positrons generated bv the deoav nf 56 r ’ 4 or tlle MeV 

. y e aecay ot Co in remnant electa escaoe 
to the diffuse interstellar medium, where positron lifetimes are sig- 

^ it™ 

1° km /s (e.g. Weaver, Axelrod, and Wooslev 1980) ps,™ 

rai.riss.^ t ^ 

irtss: £ 

weiDei iy/ ->7. As will be discussed Alfven speeds in a^ , 

are low, significantly less than light speed. ejecta 

fe - Generation . The escape of relativistic cosmic ravs 

(19751 S.Tr rjL l0,1 T‘ WM oy ^Urut and zieibel 

tic waves by particles of number 8 d-snTfU'. btrefS^^e^^T' 
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r=4r 0 K 2 v a (v g -v a )/[r 2 + (e-2kv 3 ) 2 ] (D 

r o =C 1 o)(n nel /n)f (>E) , E=C 2 w(n re ^/n)f (>E) 

where K is the wavenumber of the Alfven wave pulse excited by relativ- 
istic particle streaming; V a is the Alfven velocity; and C 2 are 

constants of order unity; u) is the nonrelativistic gyrof requency; n re ]^/n 
is the ratio of the relativistic particle density to the ambient 
ion density; and f(>E) is the fraction of relativistic particles more 
energetic than the minimum energy, E, required to excite the instability. 

When plasmas are nearly fully ionized, as would be found in supernovae 
at times <10 8 days, the waves generated by streaming dissipate by 
nonlinear wave-wave interactions (e.g. Kulsrud 1982). 

3. Conditions in Ejecta . Ejecta is decelerated by a reverse shock wave 
propagating inward from the contact discontinuity between the ejecta and 
the swept up interstellar gas; ; another shock wave propagates outward from 
the contact discontinuity heating the swept up interstellar gas (Kahn 
1973). After the passage of a reverse shock the ejecta is subject to 
Rayleigh- Taylor instabilities, which can efficiently amplify ambient 
magnetic fields (Gull 1973). McKee (1974) has shown that at early times 
the fraction of the ejecta decelerated is (M gw /M e j )^*‘ > 9 where M gw is 
the mass of the swept up interstellar gas and M e j is the mass of the 
ejecta. At early times when the escape of positrons is expected to occur 
the reverse shock has propagated only a short distance from the contact 
discontinuity and the great bulk of the ejecta has not yet decelerated. 

The results of McKee (1974) show that, at ^Co lifetime, 113 days, the 
reverse shock has decelerated only 10~^ of the eiecta for a remnant 
expanding in the tenuous interstellar medium of 4x10“^ cm -8 when a maximum 
ejecta velocity of 8x10^ km/ s (e.g. Woosley, Weaver, and Tamm 1980) is em- 
ployed. At these early times the bulk of the ejecta, that creates the 
positrons, is unaffected by interaction with the interstellar medium. 

The calculations of Weaver, Axelrod, and Woosley (1980) and Woosley, 

Weaver, and Taam (1980) are employed here to model conditions in a super- 
nova explosion produced by the detonation of a 0.5 M 0 accreting C/0 
white dwarf. Table 1 shows at the ^6>Co mean lifetime, ~10' seconds, the 
densities, p; velocities, V e j ; and distances from center of explosion in 
the outer undisturbed ejecta, R; for three Lagrangian mass coordinates, 

0.1, 0.01, and 0.0001 in units of the ratio of ejecta mass external to 
the reference position, M ex , to total ejecta mass, M e j . Conditions most 

favorable for the excitation of waves occur in the outer ejecta. (Note that v 

the last Lagrangian mass coordinate refers to the position of the reverse 

shock.) Also tabulated in Table 1 are esimates for positron escape times 

by streaming, T es =(Rs - R)/c, where Rg is the position of the reverse 

shock and c is the light speed. 

The magnetic field strength at these reference positions is esti- 
mated from magnetic flux conservation employing an initial radius of 
5.5xl0 8 cm (Weaver, Axelrod, and Woosley 1980). The stellar precursor is 
assumed to have a magnetic strength of 10^ gauss, consistent with models 
of convective field amplification in the carbon-burning core of the white 
dwarf progenitor (Levy and Rose 1974). Listed in Table 1 are the magnetic 
field strengths, B, and Alfven speeds, V a , at the reference positions. 
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fe " M° de * Calculations . Employing the parameters discussed above the 
g ow h rates for the excitation of hydromagnetic waves by relativistic 
partide streaming equation (1), are calculated assuming that f(>E) is 
unity and n rel /n is 0.1. The resulting growth rates, F, wavenumbers 

perl °^ S ’ T w> for these hydromagnetic waves are listed in 
Table 1. As can be seen the time scales for wave excitation, l/r are 
much longer than the age of the ejecta, ~10 7 seconds. Thus the stream- 
ing of positrons generates negligible fluxes of hydromagnetic waves. More 
significantly at this time, the gyroperiod of the escaping positrons! 

T J> Ve . ry “ uch S reater than escape time. To scatter a particle in 
pitch angle by resonance interactions requires a minimum time scale of a 

e ’?^ Wentzel 1974 >- Employing longer times does not signifi- 
cantly change these results. At a fixed Lagrangian position in the undis- 
turbed ejecta the wave growth rate scales as l/t°-5 where t is the 
time. The ejecta is decelerated and mixed with the swept up gas long 
before the ti„e scale for wave generation equals the remnant age! 

— 1—^ Th ? e ^ eCtrons str eam along field lines in the outer ejecta 

thfrefS , re , a , e , he Vl<:Inlty ° f the reverse sh »'X- The gyroradll o? 

electrons are much greater than the thickness of the 
collisionless reverse shock front which is of the order of 10 ion inertial 
lengths, -IQ* cm (McKee and Hollenbach I960). Since the gyroradTi of 

the shock 6 fr C electrons are signifcantly greater than the thickness of 
the shock front the electrons pass freely through the shock (Bell, 1978). 


Table 1 


Ejecta Parameters as Function of Relative Lagrangian Coordinates, M ex /M ej 

WMpj 

p(gm/cm3) 

V .(km/s) 

R( cm) 

T esc (s) 

B(gauss) 

V (cm/s) 

K( 1/ cm) 

V s) 

rc i/s) 


0.1 

0.01 

0.0001 

1.2xl0~ 17 

1 .9xl0 -19 

3.4xl0 -22 

2 . 2x10 4 

3 . lxlO 4 

5.5xl0 4 

2. lxlO 16 

3.0xl0 16 

5.4xl0 16 

l.lxlO 6 

8.0xl0 5 

0.0 

6.9xl0 -9 

3.4xl0 -9 

l.OxlO -9 

0.6 

2.2 

1.6X10 1 

7.5x10 - 12 

3.7xl0 -12 

1.14xl0 -12 

1.5xl0 lz 

7.7xl0 U 

3.4xlO U 

1 .5xl0 -1 1 

3.0xl0~ 10 

6.8xl0 -10 


~ C ° ncluslon - The Propagation of MeV positrons in the outer ejecta of 

created at^irne*^ 6 in^a invest ^S ate< ^* It was found that the positrons 
created at times ~10 days propagated along magnetic field lines in the 

outer ejecta without any appreciable pitch-angle scattering or excitation 
of hydromagnetic waves The lack of significant pitch-angle scattering 
is well consistent with models of wave excitation and scattering by 

particles o^to Cti T‘ ^ ° CCUrS because time Periods to scatter the 
* ° r t0 ex eite waves are significantly longer than escape times, 
s t is expected that, when positrons are not coupled to the ejecta 
by Coulomb collisions, they escape from the relatively cold dense 
ejecta and reside predominantly in the tenuous, hotter, shock-heated 
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interstellar gas. In the tenuous shock-heated gas the positron lifetime 
against annihilation is much greater than lifetimes in the dense ejecta. 
Thus the production of steady-state diffuse annihilation radiation by 
some fraction of these escaped positrons seems probable. 

7 . Acknowledgements . The research described in this paper was carried 
out at the Jet Propulsion Laboratory, California Institute of Technology, 
under contract with the National Aeronautics and Space Administration. 
The author is a NAS/NRC Senior Resident Research Associate. 
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GAMMA RAY LINE PRODUCTION FROM COSMIC RAY SPALLATION REACTIONS 

Silberberg, Rein and Tsao, C.H., NRL, Washington, D.C. 20375-5000 USA 
Letaw, John R. f Severn Communications Corp., Severna Park, MD 21146 USA 


e gamma ray line intensities due to cosmic-ray spallation 
reactions m clouds, the galactic disk and accreting binary 
pulsars are calculated. With the most favorable plausible 
assunptions , only a few lines may be detectable at the level of 
10 per cm 2 -sec. The intensities are compared with those 
generated in nuclear excitation reactions. 

- I - ( ;.J i r l t : 0 r dUCti0n ; Measurements of gamma ray line intensities and 
energies from astrophysical sites permit the study of two types of 

nuclear processes: (1) Nuclear collisions by cosmic rays and other high 

energy partides. Possible sites for these reactions are the galactic 

disk (Ram at y et al . 1979), interstellar clouds, supernovae in clouds, 

accreting sources such as beaming pulsars in close binary systems, and 

active galactic nuclei, with high-energy beams interacting in the 

accretion disk. (2) Recent nucleosynthesis (i.e. build-up of nuclei) in 

supernova and nova precursors, as well as during their explosive phase 

£glayton, 1973, Arnett, 1978, Mahoney et al. 1982, Clayton, 1984). The 

^J 1 -* 1 " 6 HaS already been observed at a flux level of 5x10" Vcm 2 -sec 

nroh ih? H Bey f ; 1984 and Share et al * 1985) - latter line is 

probably due to nucleosynthesis in novae (Clayton, 1984). 

In nuclear collisions, there are three processes that give rise to 
gamma ray lines: (1) Quasi-elastic collisions at low energies that 

generate excited nuclei. The relevant cross sections for t^ese 
reactions have been reviewed by Ramaty et al . (1979). The main 
uncertainty here is the abundance of the low energy nuclei (near 
MeV). (2) Nuclear spallation reactions, with the spallation products in 
^r* 0 . Ua exolted states, that de-excite promptly by gamma-ray line 
emission. Here the uncertainty is due to lack of information of the 
population of the various excited states. (3) Gamma rays produced upon 
° f . 7 arious radioactive nuclides generated in nuclear 

p^obabilitie^^or^the 1 ^ associated gamma-ray energies and emission 
probabilities for the latter case are sufficiently well known. In this 

paper we shall concentrate on processes (2) and (3). 

In Section 2, we calculate the spallation yields and the relative 

irtJ' 8 L lin \ i 1 n 1 t€nSi 1 tiea - In Sectio " 3, we apply these calculaUons 
th . e ^terstellar clouds, the galactic disk, and to pulsars in an 

detTt h g ! S r m ;w J" SeCti ° n the concl “Sions are presented , and the 
detectability with the GRO/OSSE detector is discussed. 

% — ~ e Spallation Yields and Rel ative Gamma Ray Intensi ties. The rate 
fntersiell 3 nU ° lld % of ty P e J is created per unit volume in the 
energy i^ervaT) iT : Pr0t0,, ^or protons in a gi ve „ 


R. (nuclides/ cm3 sec) = 10 -2 ^ J n F 
J H j 


( 1 ) 
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-27 2 

Here 10 ^is the conversion factor from mb to cm , J = cosmic ray 

protons/cm -sec , in a given energy interval. (We assume that the 

contribution of nuclei heavier than protons results in a second-order 

correction, though at energies of a couple of MeV/u, the contribution of 

alpha-induced reactions is important.) n^ is the number of hydrogen 

atoms in the medium, per cm , and 


= fjiV 


( 2 ) 


where a., is the cross section for protons with nuclide i, in units of 
mb yielding nuclide j, and f i is the abundance of i per H atom in the 
collision medium. 



Fig. 1. The energy dependence of F., the production rate function for 
the nuclides whose secondary yields J are largest. 

Fig. 1 shows the values of F. as a function of cosmic ray proton 
energy E, using the elemental and isotopic abundances of Cameron (1982). 
Assuming that most of the prompt de-excitations pass to the ground state 
via the first excited state, the most prominent lines induced by l^gh 
energy cosmic ray protons would be 4,M MeV from ^C, 2.12 MeV from B, 
5.27 MeV from ^N f 5.18 MeV from lb 0. In addition, the radioactive 
decay of '^0 and T1 C yields positrons. Fig. 2 shows the F. values of 
other abundant products. Some of these F. values are iow at low 
energies, providing a test for the presence J or absence of low-energy 
cosmic rays. 

The rate of gamma ray line emission from a volume V is R.Vk, where k 
is the gamma ray multiplicity from the formation of nuclrde j. The 
gamma ray line flux from nuclide j at earth is: 

rc (per cm^-sec) , (3) 

2 

4ird 

where d is the distance from the gamma ray source to earth. 


I 
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ENERGY (GeV) 

Fig. 2. The energy dependence of F j for less abundant product nuclei. 

~' T f he Cosi P . ic - Ra y Induced Gamma R a y Flux from Clouds, th e Galactic Disk 
and^Tom^ccr etxng Pulsars. The flux from a large cloud is calculated 
using the properties discussed by issa et al . ( 1981 ) i.e. we assume a 

distance 3 of 40^0 m° is 105 ™ SSSeS ’ or 1Q62 ^drogen atoms. A 

distance of 400 pc is assumed. If one adopts Cameron’s abundances for 

the calculations, F=0.0 3 for the “C 4.44 MeV line. j, for the local 

lntersteliar cosmic ray intensity is about 10/cm 2 -sec. With the most 

?“o S > V v/« 5 fff" p “ 0ns - th ? Of the «.« MeV carbon line “ aS 

n ^ I u" K Ho ” ever * Issa et al - (1981) noted that the cosmic ray 
o R etar lg ^ ^ ^ factor of 5, especially in clouds associated with 
0 -B stars, where frequent supernovae occur. Furthermore <?nrh r p 

^ " 0 vVy^rge -• 

sect i ons W wo uld g f ur^uf ™r^ °i nc^e a se U3 t h e° 4^ 4 6< Me V° «? sf* 6 

Cloud by an order of ma g S! £\2L*ZZT* X^SeT 

ar ge (l 9 r 7 ° 9 ) 0n the^ ® nd 3 ° MeV ’ SUCh as considered by Ramaty et 

979 ) , the contribution of nuclear excitations to the gamma rav 

- llna 

br if strahlu^ 

recoil nuclei are produced in grains and come to rest therein)* and thP 
instrument has an excellent resolution (about 5 keV). 

Consider a p ulsar beam incident on an accretion disk that is 
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sufficiently thick for most particles to collide. Adopting (a) 
Cameron’s (1982) abundances for the accretion disk material, (b) power 
input of 10 s7 ergs/sec per decade of energy interval, and (c) a distance 
of 1 kpc, we estimate a flux of about 10 - ° f/cm 2 -sec for the 4.4 MeV 12 C 
spallation-induced gamma rays. (The flux is about 10 times larger if 
low-energy nuclear excitation reactions are considered.) Here f is the 
gamma ray suppression factor due to opacity of the accretion disk; f<1. 

Table 1 summarizes the 4.4 MeV 12 C fluxes from the sources discussed 
above. The 5. 1-5.3 MeV fluxes of l5 0, 15 N, 14 N are nearly as abundant. 


Table 1. 

The 4.4 MeV I2 C Flux 

(cm“ 2 sec ) from 

Various Sources 

Dominant 

Reaction 

Large cloud 3 

Inner Galactic 
Disk 

Accreting Pulsar 3 

Spallation 

5 x 10 -7 

3 x 10" 6 

o 

i 

ON 

1 

1 

| 

t 

Excitation* 5 

O 

1 

o 

X 

in 

3 x 10~ 5 

10- 5 f 


a The assumed proton fluxes and properties of these sources are given in 
the text. 

^Excitation dominates over spallation if low-energy cosmic rays 
dominate. 

4. Conclusions. Gamma ray lines due to nuclear spallation reactions 
should be detectable with a detector that has a threshold of 
10”* /cm -sec from sources like the galactic disk (if the low-energy 
20-50 MeV cosmic ray flux is high) and from pulsars and active galactic 
nuclei that beam into accretion disks. The above detection threshold is 
about 10 times lower than that of GR0/0SSE. However, if the flux 
between 5-30 MeV is high, as suggested by Reeves et al . (1978) and 
Ramaty et al . (1979), nuclear excitation lines will be observable from 
the above sites (with the GR0/0SSE detector) as well as from supernova 
remnants in clouds (Morfill et al. 1981). 

References 

Arnett, W.D. 1978, Gamma Ray Spectroscopy in Astrophysics, ed. T.L. 

Cline and R. Ramaty, NASA Tech. Memo. 79619, p. 310. 

Cameron, A.G.W. 1982, Ap. Space Sci., 82, 123. 

Clayton, D.D. 1 973 * Explosive Nucleosynthesis, ed. D. Schramm, and 
W.D. Arnett, Univ. Texas Press, Austin, p. 263. 

Clayton, D.D. 1984, Ap. J. 280, 144. 

Issa, M.R. et al. 1981, 17th ICRC (Paris), _1, 150. 

Mahoney, W.A. et al. 1982, Ap. J., 262 , 742. 

Mahoney, W.A. et al. 1984, Ap. J., 286 , 578. 

Morfill, G.E. and Meyer, P. 1981, 17th ICRC (Paris), 9 , 56. 

O'Neill, T. et al. 1983, 18th ICRC (Bangalore), 9 , 45. 

Ramaty, R. et al. 1979, Ap. J. Suppl., 4£, 487. 

Reeves, H. et al. 1978, Gamma Ray Spectroscopy in Astrophysics, ed. 

T.L. Cline and R. Ramaty, NASA Tech. Memo 79619, p. 283. 

Share, G.H. et al. 1985, Ap. J. (Lett.), 292, L61. 



373 

AUTHOR INDEX 


AHARON I AN, FA 

255,301 
ALEXEENKO, W 
91 

ANDRE, PH 

197 

APTEKAR, RL 
7 

ARNOULD, M 

361 

ASEIKIN, VS 

135 

ATOYAN, AM 

301 

ATTEIA, JL 

44 33 

BALLMOOS, Pv’ 

273 

BALTRUSA I T I S , RM 

234,111 

BARAT, C 

44,33 

BARNHILL, MV 
99 

BASSANI, L 

293 

BATTISTONI , G 
62 

BELLOTTI, E 
62 

BENNETT, K 

95 , 169,338 
BEREZINSKY, VS 

75 , 29,305 

BHAT, CL 

83 , 165,336 

342,345 

BHAT, PN 

144, 143 
159,181 
263,59 
BIGNAMI, GB 

338 

BIGNAMI, GF 

95,169 

BLAKE, PR 

66 

BLITZ, L 

329 

BLOEMEN, JBGM 

95 , 329,338 
BLOEMEN, JG 

313 

BLOISE, C 


BLOISE, C 

62 

BOLOGNA, G 

62 

BRECHER, K 

103 

BUCCHERI , R 

95 , 221,169 

338 

CAMPANA, P 

62 

CARAVEO , PA 

95 , 221,169 

338 

CASSE, M 

361 

CASS I DAY, GL 

234,111 
CASTAGNOLI , C 
62 

CASTELLINA, A 
62 

CAWLEY, MF 

264 , 87,131 

173 

CAWLEY, MMF 

119 

CHADWICK, PM 

79 , 161,251 

155 

CHANMUGAM, G 
103 

CHIARELLA, V 
62 

CHUDAKOV, AE 
91 

CHUPP, EL 

187,353 

CIOCIO, A 

62 

CLAY, RW 
* 247 

CLEAR, J 

221 

CLINE, T 

44,33 

CLINE, TL 

27 , 123,47 

COHEN, RS 

329 

COOPER, R 

234,111 

CUNDY, DC 


62 



D'ETTORRE PIAZZOLI, B 
62 

DAI, C 

149 

DAME, TM 

329 

DAMLE, SV 

277,229 

272 

DEAN, AJ 

293 

DESAI, U 

44,33 

DIEHL, R 

273 

DOOM, C 

361 

DOWTHWAITE, JC 

79,161,251 

155 

DUROUCHOUX, PH 
123 

DZIKOWSKI, T 
23B 

EICHLER, D 

115 

ELBERT, JW 

234 ,111 
ESTULIN, IV 

44,33 

EVANS, WD 

44,33 

FAN, Z 

149 

FEGAN , DJ 

264,119,87 
131,173 
FEIGELSON, ED 
197 
EE 

44,33,5 
MM 


374 

AUTHOR INDEX 


62 
221 

YUA 

259 
r, DJ 

187,353 
4, MI 
277 


FRECKER, JE 
19 

GAISSER, TK 
99 

GALEOTTI, P 
62 

GAWIN, J 

238 

GEHRELS, N 

19,19 

GEHRELS, T 

19 

GELDZAHLER, BJ 
1B7 

GERHARDY, PR 

234,111 

GIBBS, K 

264,87,131 

173 

GIBBS, KG 

119 

GINZBURG, VL 
305 

GODFREY, CP 

139 

GOLENETSKI I , 

7 

GONED, A 

325 

GOPALAKRISHNAN, NV 
242 

GORHAM, PW 

264,119,87 
131,173 
GRABELSKY, DA 
329 

GROCHALSKA, B 
238 

GROS, M 

361 

GRUBER, DE 

349 

GUPTA, SK 

144,143 

159,181 

263 

GURYAN, YUA 
7 

GU, Y 

149 

HALZEN, F 

no 


SV 



375 

AUTHOR INDEX 


HARDING, Ak 

321 

HATANO, Y 

67 

HAYASHIDA, N 
67 

HERMSEN, W 

95,329, 169 
338 

HIGDON, JC 

o7 , 057 , o65 

HONDA, M 

67 

HOUSTON, BP 

345 

HUETER, Gj" 

1 

HURLEY, K 

44,33 

IAROCCI, E 

62 

ILYINSKI I , VN 
7 

IYUDIN, AF 

277 

JACOBSON, AS 

51,183,191 

357 


JANMINCHEV, VD 


135 

JUNG, GV 

217 

JUNG, JV 

349 

kAMATA, k 

67 

kANBACH, 

G 


338 

kANE, SR 

5 

kARAkULA, 

S 


15,268,289 
KASTURIRANGAN, k 

23 

KAUL, Rk 


165 

kAZANAS, D 

281 

kENNY, S 

119 

KHAERDINOV, NS 
91 

kHR I ST I ANSEN , GB 
259 


klFUNE, T 

67,67 

k INZER, RL 

187,353 

kIRILLOV-UGRYUMOV, VG 
277 

kIRkMAN, IW 

79,161,251 

155 

kIROV, IN 

135 

kLEBESADEL, RW 

44,33,5 

kNIGHT, Fk 

217 

kOREJWO, J 

238 

kOTOV, YUD 

277 

kULIkOV, GV 

259 

kUNTE, Pk 

229,272 

kURNOSOVA, LLV 
277 

kURT, VG 

44,33 

kUZNETSOVA, RI 

44,33 

LAMBERT, A 

71 ,245 

LAMB, RC 

264,119,87 

139,131 

173 

LAROS, JG 

44,33,5 

LAU, MM 

230,285 

LEAHY, DA 

229 

LEBRUN, F 

329,193 

309,338 

LETAW, JR 

369 

LEVENTHAL, M 

213 

LIANG, EP 

11 

L I DVANSkY , AS 
91 

LIEBING, DF 

264,119,87 



376 

AUTHOR INDEX 


LIEBING, DF 

131,173 

LIGGETT, M 

149 

LIGUORI, C 

62 

LINGENFELTER, RE 
37,365 

LING, JC 

*=• i 1 Q-T 1 C 


LI, T 


51 , 183,191 

357 


149 

LLOYD-EVANS, J 

71 ,245 

LOH, EC 

234,111 

LU, Z 

149 

MACCALLUM, CJ 
213 

MACKEOWN, FK 

131 , 173 
MAHONEY, WA 

51 , 183,191 

TCT"7 

EA 


357 

^MIDJANIAN, 

-? 5 ! 


255 


NDROU, 

193 

iNNOCCHI, G 
62 

iRAR, TMK 

23 

UTSUBARA, Y 


67 

fESON, 


EN 


JL 

1 , 217,349 


149 

l-HASSELWANDER , HA 
95 , 329,169 
338 

t, CJ 

336,342 

345 

rs, EP 

7 

IB, TJL 

79 , 161 ,251 
155 
RS 
19 


MIZUMOTO, Y 

234,111 
MONTMERLE, T 

197,209 

MORELLO, C 

127 

MORI, M 

67 

MOROZOV, AE 

135 

MUKANOV, DB 

177 

MURTAS, GP 

62 

MYERS, RM 

145 

NAGANO, M 

67 

NARANAN, S 

229,272 

NASH, WF 

66 

NAVARRA, G 

91,127 
NAZAROV, VL 

259 

NEGRI, P 

62 

NICOLETTI, G 
62 

NIEL, M 

44,33 

NIKOLSKAJA, NM 
135 

NIKOLSKY, SI 

135,255 
NISHIJIMA, K 
67 

NISHIMURA, J 
55 

ORFORD, KJ 


OWENS, A 
OZEL, ME 
OZROKOV , 
PAUL, JA 
PER I ALE, 


79 , 161,251 

155 

145 

95,225 

SS 

91 

193,309 

L 

127 

JC 


PERRETT, 



377 

AUTHOR INDEX 


PERRETT, JC 

71,245 

PICCHI , P 

62 

PIZZICHINI , G 
41 

POLLOCK, AMT 

95 , 221,169 

338 

PORTER, NA 

264 , 119,87 
131,173 
PRANTZOS, N 

361,123 

PRICE, M 

62 

PR I LUTSK Y, OF 
29 

PROTHEROE, RJ 

247,297 
PTUSKIN, VS 

305 

PULLIA, A 

62 

QAZI, RA 

165 

RAGAZZI, S 

62 

RAJEEV, MR 

59 

RAMANA MURTHY, PV 
144,143 
159,181 
263,59 

RANA, NC 

107 

RANNOT, RC 

83,165 

RAO, MVS 

59 

RAO, UR 

23 

RAWAT, HS 

83,165 

RAZDAN, H 

83,165 

REID, RJO 

71 

RIEGER, E 

187,353 

ROLLIER, M 

62 

ROQUES, JP 

193 


ROTHSCHILD, RE 
217 

SAAVEDRA, 0 
62 

SACCO, B 

169 

SADZINSKA, M 
107 

SAICH, MR 

66 

SANECHA, VK 

83,165 

SAPRU , ML 

83,165 

SATTA, L 

62 

SCHAEFER, BE 
27 

SCHLICKEISER, R 
225 

SCHONFELDER, V 
273 

SCHWARTZ, RA 
51 

SCOTTI, JV 

19 

SEETHA, S 

23 

SERRI, R 

62 

SHARE, GH 

187,353 

SIEBER, W 

225 

SILAEV, AA “ 

259 

SILBERBERG, R 
369 

SINHA, S 

59 

SKLYAROV, VV 
91 

SMIRNOV, YUV 
277 

SOKOLSKY, P 

234,111 
SOLOVYEVA, VI 
259 

SOMMERS, P 

234,111 

SREEKANTAN, BV 

143 , 159 , 5 < 
229,242 
SREEN I VASA I AH , KV 



378 

AUTHOR INDEX 


BREEN I VASA I AH, KV 

TURVER, KE 

23 

155 

STAMENOV, JN 

USHEV, SZ 

135,268 

135 

STANEV , T 

VALLANIA, P 

99 

127 

STANLEY, GE 

VEDRENNE, G 

66,66 

44,33 

STECK, D 

VENKATESAN, D 

234,111 

229,272 

STECKER, FW 

VERNETTO, S 

321 

62 

STENGER , V J 

VESTRAND, WT 

264,119,87 

115 

131 ,173 

VISHWANATH, PR 

STEPHENS, SA 

144,143 

205,201 

159,181 

STRONG, AW 

263,59 

317,95,329 

WAHDAN, A 

338 , 333 

325 

SWAM I NATHAN, S 

WASSERBAECH, S 

181,263 

234 

SWEENEY, W 

WATSON, A A 

151 

71,245 

TANAHASHI, G 

WDOWCZYK, J 

67 

107,238 

TEEGARDEN, BJ 

WEEKES, TC 

44,33, 123 

264, 119 

TESHIMA, M 

131,173 

67 

WEST, AA 

THADDEUS, P 

71 ,245 

329 

WHEATON, WA 

THOMPSON, MG 

51,139,183 

145 

191,357 

TICKOO, AK 

WHITE, RS 

165 

151 

TIZENGAUZEN, VA 

WOLFENDALE, AW 

91 

107,336 

TKACZYK, W 

342,345 

15,268,289 

WU, M 

TONWAR, SC 

149 

59,165,242 

XU, c 

TRUBITSYN, AV 

149 

259 

YAKOVLEV, VI 

TSAO, CH 

135 

369 

YAMAGAMI, T 

TLIELLER , J 

55 

123 

YOUNG, ECM 

TUKISH, El 

230,285 

255 

YUROV, VN 

TUMER, OT 

277 

139,151 

ZANOTTI, L 

TURVER, KE 

62 

79,161,251 

ZENCHENKO, VM 


i 



379 

AUTHOR INDEX 


ZENCHENKO, VM 

44,33 


ZHANG, C 
ZHANG, X 
ZYCH, AD 


149 

149 


ZYSKIN, 


151 

YUL 

177 



BIBLIOGRAPHIC DATA SHEET 


1. Report No. 2. Government Accession No. 

NASA CP-2376 Volume 1 

3. Recipient's Catalog No. 

4. Title and Subtitle 

19th International Cosmic Ray Conference 

5. Report Date 

August 1985 

Conference Papers 

6. Performing Organization Code 

665 

7. Author(s) 

Frank C. Jones, compiler 

8. Performing Organization Report No, 

9. Performing Organization Name and Address 

Laboratory for High Energy Astrophysics 
Goddard Space Flight Center 
Greenbelt, MD 20771 

10. Work Unit No. 

1 i . Contract or Grant No. 

! 

13. Type of Report and Period Covered 

12. Sponsoring Agency Name and Address ! 

National Aeronautics and Space Administration 
Washington, D. C. 20546 

Conference Publication 


14. Sponsoring Agency Code 

15. Supplementary Notes 

■ 


16. Abstract 

These volumes contain papers submitted for presentation at the 19th 
International Cosmic Ray Conference, held on the campus of the University 
of California, San Diego in La Jolla, CA., August 11-23, 1985. The 
conference is held every other year. The present volume contains papers 
with Paper Codes OG 1.1 through OG 3.2 and cover the subject areas of 
Gamma-Ray Bursts and Diffuse Gamma-Ray Emission. 

















IXJASA 

National Aeronautics and 
Space Administration 

Goddard Space Flight Center 

Greenbelt, Maryland 20771 



